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Preface 



The National Research Coimcll 1?*, hy uny Hlundard, a sizable enterprise^ 
with some 7,4()() men and wDineii sorting on gome 940 committees and 
.suljcoininitteos, panels and subpaiiels, lioards and ad hoc stiuly groups. 
Given tliat breadth , this initial efFort to open a vvlnd()vv into the operatliig 
Research Council must neeessarlly provide only a narrow vle%^. 

Nevertheless, the hope 1^ that this report— and those io follow each 
year—will he truly revealing of the nature of the institution, the issues 
tliat ct)ncern and often troublu its iilFieers, and the idtinuUe goals of its 
.sev eral parts. The docunients that ctjnstitute this report include essuy^i by 
those who direct the National Research Councilj Its units, and its parent 
institutions, as well as descTiptions of a few of the study projects under 
way in 1976. 
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Scientific 
Volunteers 
m the 

National Service 

The realimtion that science— understanding gained by deliberate in- 
quiry—can be used to improve man's condition has been signiflcant to 
Western civilization for only a few hundred years, With that realization, 
our species accepted responsibility for its destiny; the question uow is 
whether we can manage the world thus fashioned. 

The three decades after World War II have been a time when monu- 
mental leaps of understanding were achieved in all scientific disciplines. 
Profound insights^ hard won by disciplined mindi, illuminated the nature 
of the atomic nucleus and of the cosmos and revealed the forces that 
shape the earth's surface^ the molecular nature of cellular life, and the 
wondrous subtleties and complexities of life in higher plants and animals. 
Lively Imagination and rigorous treatment of evidence have permitted 
reconstruction, at least in outline, of the historical evolution of the uni- 
verse, of planet Earth, and of life. 

Imperative to this enormous success was enlightened acceptance by 
government of its role as financial patron of science. The progress of 
science and, hence, the national interest require that the best research by 
the best investigators be identified and supported, that priorities for 
future fundamental scientific research be determined by the logic of the 
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Ntiailifiu disciplines tlieiiiHclvfis, The political process in indispensable to 
the all()Cnitit>ii of rosoiirccs for tliesc purposes ami to llie netting of braacl 
rosuardi gtnils uiitl priorltias, but Hiat proeeHH shuiild not be injeoted into 
t|ic .selection of uri)' but the hirgest ami ninst expensive researcih projects. 

it vvould mm\ solf t^videut tbal priorities ujj' federal prugraim of ap^ 
plied roKaircb aiul devcb)pintnit Hbuiild uriKe out of broad planning for the 
relovaiit niis^iuns of the re^^pomible federal agencies. And, indeed^ when 
tlit^ federal govortiineiit is itself tlie intended user of the research results^ 

fcir defense or for tlie space program, the rob of the government m 
supper ter of applied rensearch is reacUly niiderstood, us it is fur agriculture^ 
S()nie kvspects ul eiivircmmental protection^ and medicine. Unfortunately, 
tliu role of goveriirnent in support c)f research that may enable develop^' 
inent and cleployintnit of new technologie.s to sustam and enrich the 
ci\ iliuii eccniOTny is not etinally clear, Nevertheless, such a role must 
rapidly evolve if there U to be a deterrent to the continuing erosion, in 
the world market, of the Aniericun lead in inlnKlucing innovative tedv 
iiologies. 

The extraordiiiriiy eNpunsion of fundamental sclentiflc understanding 
paralleled uiul, inclecd, lionrlshed a rich outpouring of new technologies, 
Some ^)f these, such ii** nitrogen fertilizer and the automobile, were the 
result uf .succesNiveiiicremental iniprovements in established technologies. 
Rarer bnt more drariuilie in their impact have l^een new technologies™ 
transistors^ lasers, digital computers, herbicides, imrnunosiippresslve 
agents come to mind^^tbat arose ont of totally new and fundamental 
in.siglits unci tliat created their own places in the market, Of course^ moHt 
new products rt\sidted from both processes. In myrkid ways, this cornii- 
CO pi a of technology cased, lengthened, and enriched the lives of the 
peoples of the iiiduslrialized nations while ctnitributing to a metamor- 
phosifs of their societies. But the time for simply enjoying these enormous 
boons wm extremely brief and was rapidly invaded I)y heightened 
awareness of iiiirescilvecl ancient problems and of new problems, ap- 
4 parently engenderccl by oiu' own technological successes. 

It has been iiptly said that the time in which we live is *'a hinge of 
history/' a nionient when the veil has been removed from our view of the 
past and when we uaii also l)egin to discern the forces that must shape 
the future. A bewildering array of problems and questions compete for 
pidjlic attention and government action, However, the e^ctent and in- 
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teiisi^ of concern is not al\vays proportioiial to the magnitiide of the 

However cllsturbing they may smu, least troublasoniai for the long 
term, will those coiicenis arising from physical or biological sid^Dffects 
of a mef ul technobgy— e.g,^ a toxic food additive, a cana#r4iidiaciiig Jsug^ 
Or air pclhited by the exhaust emissions fioin automobiles, trucks, buses^* 
and fossil-fuded pcnver plants, In due cotirse, ^Ise regnlation will imely 
connpel the development of economic and effeetiva coiitrols that ^vill acl-- 
equately protect man and the eiivlTOiiinent against such iltuaticns* 

More perplaxing are the unforeseerij imdesirable socid cofisequences 
of t€oliiiolc)giei that are judged to be teclinically successful Consider tiiose 
teclinologies tliat, ralleotively, have rediiced the fraction of the Wtal 
labor force required to feed, clothe, and hoiiie tlie rest of us, Theae bav^ 
also elinninated most tmskilled jobs, decreased the sense of job sutisfairtion^ 
accelerated iirbaiiimition, and, tlius, contiibiited to moh powerful social 
stresses as ineraasiiig eriine and deterioration of ediication luid cither 
public services. Whereas new teohnologles may help deal ^vltli tliese 
stresses^ it Is urdikely that they iim be iucccssfuUy rnanaged by areiiirn 
to older, less effieieiit technologies. However appealing tlio dreanri, wa 
cannot set back the technolDgical tlock. But our society nniist take Irnri 
hold of the seemingly inexorable, urpiided nature of techiiclogleal 
change, apparently endov^ed with a dyiumic independent of dellbe3fate 
hurnan design. 

At u yet more profound level of wiiceru lies that set of ralRtionslilp^ 
occasionally called the *'problenriatique'*; growth of the worldwide hufiiaii 
population at 2 percent per year; the increasing tuunbers of individitftls 
in the developing nations whose lives are limited by their luitrllionul 
status; the iiiereasiiig child death rate from starvation; the di-^pailty be-^ 
tween worldwide agricultiiral production and worldwide fodd roqtjlre-^ 
itieiits; the limited worldwide reserves of cninhimtlble fossil fiiel^ ftutl of 
urani\iin-235 set against iiievitable future lacrcases in the co^t of energy; 
limited reserves of a host of other rninerals essential to the ojernlion of S 
tJie worldwide economy; and the ever-inoreasing burden upon the on- 
vironment resulting from hiinnan activities, The "problematltjtie*' doflnes 
the human condition. It Is put in perspectiw by tlie realisation that pveii If 
all the land in the world now in Ciillivntion were managed by tio stftii-* 
dards of American agriculturUj protein prodiictiun per capita^ wrlthvltle^ 
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vvoulcl still hm little more than one-half tliat now available io thi average 
j^merlcan, But the effort to do so would eichaujt world supplies of petro- 
ItfUrti aaid natiiral gas within a decade. The ameunt of land In ciiltivatlonj 
and* therefore, food production, could be furUier increasad by large- 
^cole irrigation — ^but only at the cost of yet more rapidly dapleted tesll 
fuel stocks and the risk of unpredictable cltaat© changes. 

Confrontation with these brutal realities will concern governments 
for the Indefinite future. The domestic tensioiis so generated within all 
inatioiii already contribute significantly to the accelerating disappearance 
democracy around the globe, The international tensions generated by 
the pressures of the problematique are heightened by the new aspirations 
af the citizens of the Third World, reinforcing those tensions that already 
threaten one day to detonate the world stockpile of weapons. Hence, the 
concern for the ever-increasing sophistication of conventional (ml) 
\S'm\)om. Hence, the concern for the growing nuclear arsends of the 
^uperppwers, and for the increasing number of nations that now have 
ruicloar weapons, Hencei the concern fur the proliferation of nuclear 
power technologies, including those for the separation of iiraniurn-SSS 
from its Isotopes, which is certain to expand the number of additional 
f mtion^ that may be expected to possess nuclear weapons. 

Much attention has been attracted by inathematicd models of the 
futvue world econom%s models thiit suggest that immense catastrophe 
miB\ be the outcome of simple eKtensions of enrrent world trends, And if 
thero Is no thoughtful, calculated, major intervention, that may prove to 
1)0 true. For the present, however, ii counsel of despair seems pramiitiire 
Conceivably, the principal problems have been recognized in siiffloient 
tiine; iinaglnative applieatlon of human talent and of the peat body of 
Inowlcdge already in hand or obtainable by the scientific method may 
yet parrnit realization of the golden dreams of a better tomorrow that 
Jiav© Htirred In man's brain since Pronnetheus stole fire from the gods. 

Tlie immense political problem lor nations is to maintain a stable 
0 ^ociutj' \vith a full m^usure of education, equityi social Justice^ and indi- 

vidual froedain while charting a course to a highly technological ^vorlcl 
an v^bich human beings, in equilibrium with their environnnentp can enjoy 
fluhinipaningtul lives. 

Science and science4jased technology have lengthened, eased, and 
icnrichotl mo^t human lives, concoinltuntly exchanging the hardships imd 
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iaaaidi of the i^orant, primitive human condition for tie more coinplax 
hmaxds tiiat must now be confrontecl To cope widi these problems v/m 
lirva praatly strengthened resources of trained maiipower and the %vealth 
of nmw knowledge provided by the scleritiflc endeavor of the last few 
decades. Whilst science may well have contributed to the decraased 
manageatility of the current world, few would disagree ttiat science, the 
y&xy best of scieiice, ii imperative to the task of establishing a viable, 
stable balance between a lively, decent, hiiman civilization and the 
resources of planet Earth, 

Accordingly, goveriinient prograrns of raiearch aiid development, 
govarnment policies for the wise utillzaHon of technology, and govern- 
ment participation in the iiiternational relationships that ^ill be fashioned 
by the realities inherent in the probleniatique must incraaslngly rest on 
loiuid, an^ytical studies performed by persons highly knowledgeable 
with respect to science and technglogy. The ch^lenge Is to enable the 
government to draw continually upon the expertise and intellectiial re- 
sources distributed througli other institutional components of oiur pluralis- 
tic society, but without \induly altering or controlling those coniponents, 
That challenge must be the principal charge to the National Eesearch 
Council 



THE NA.TIONA.L AGADEMY OF SClEKCES 

Ai the American scientific and technologies enterprises grew, their In- 
volvement with governnient necessarily increased—for exanaple, in ex- 
ploring the continent and mappiaig its resources, arnning the military 
forces, and safegnarding the public health. The proliferation of sci€nce=^ i 
based federal agencies is evidence that siipport of sclentiflc research and^ ' 
appllQatlon of its remits are, increasingly, a principal businesi of govern- 
ment, Acoordingly^ the Congress and the executive branch have long 
acknovvledgad the need for advice from competent scientists In order to 7 
assure the quality of the many decisions that must be made in giving 
direction to these diverse technical enterprises. A major step toward 
meeting that need was taken, more than half the life of the Eepublic ago, 
wlm President Lincoln signed the Congressional Act that became the 
charter of the National Acadenfiy of Sciences, Part of that Act follows! 
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Sec, 2. . . , and th? said corporation hereby constitiitcd shall have power 
to make its own orgaiiiaiiitioiij including its constitution, bylaws^ and rulei 
and regulations^ . , to provide for the election of foreign and domestic 
inemberSj the division into classeSj and all other matters needful or usual in 
such institutions and to report the same to Congresi, 

Sec, 3. . . , and the Academy shall j whenever called upon by any de- 
partment of the CDverninent investigate, examine, expeririient, and report 
iipon any subject of scierice or art, the actual expense of such investigationsj 
examinations^ experinients and reports to be paid from appropriations whieh 
may be made for the purpose, but the Academy shall lecelve no compensa- 
tion whatever for any services to the Government of the United States, 

Galusha a. Gbow 
Spmker of the House of Eeprmmtatims 

SoLo\«0N Foot 
Pwddent of the Senate pro temporB 

Approved March 3, 1883 
Abraham Lincoin^, President 

With those v^^ords, the National Academy of Seiences was set upon 
the path of public service, As an Acadaniy, a principal function, under 
Section 2, has been to recognize, by election to men^bership, those indi- 
viduals who have made unusually distinguished CQntribiitloni to icientlfic 
understanding or its application, The principal concern of the Academy 
is the dispassionate pursuit of triith, a pursuit which the Academy shares 
with universities. The obligation upon the Acadainy is to forward the 
progress of the scientific endeavor by diverse means and to assure that 
scientific understanding and technical capabilitj^ are ixmpartially utilized 
for the comnioa weal, m obligation shared with the government. 

Over the succeeding century a small fraction of all natural and social 
scientists^ physicians, and engineers has been honored by election to 
memberihip. Since World War I, the preponderance of those elected 
have been natural scientists engaged in fundamental research^ with lesser 
numbers of individuals whose careers were in applied reiearch or de- 
8 velopmentj as in engineering, agriculture, or medicine* The need for 

competent social scientists, clinical investigators^ and engineers to help 
nnanage the affairs of the National Eesearch Council resulted In the 
decision, in 1972, to elect to Academy membership significantly increased 
numbers of such individuals. The disciplines represented within the 
Acaderiiy are no^^ so diverse that the membership is organized into 
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twenty-five disciplinary sections in order to facilitate the election proceis. 
However, in general, the values of students of the natural iciences itill 
predominate in shaping Academy affairs, Indeed, the social scientists, 
clinicians, and engineers elected to membership are frequently those 
whose interests, attitudes, and Intellectual accomplishments have been 
rather like .those of natural scientists and mathematicians. Inevitably, the 
election process has at times overlooked scientists whom history will 
judge incontrovertlbly to have deserved election, In the meM, however^ 
the process works reasonably well; over the years, members of the Acad- 
emy have most certainly provided a very large share of the intellectual 
leadershii) of the American scientiflc endeavor. 

THE NATIONAL RESEAnCH COUNCIL 

The National Academy of Sciences exists ml generis. It is a private insti- 
tntion with a congressional charter that grants to the government privi- 
leged access to the capabilities of the Academy complex; conversely, 
althoiigh a private body, the nas, by tradition, has a somewhat special 
relationship to the government. 

Many advisory bodies have been created by individual government 
agencies that they then serve; each such advisory body, when it so func* 
tions, is itself part of government even though its members are drawn 
from private life. In contrast, the Confess created the Academy as an 
entity to exist at a remove from goveminent, not to serve one agency, 
but "any department of the governnient. . . Accordingly, the Academy 
has evolved an organization and a set of procedures by which the in- 
tellectual resources of the entire national scientiflc community are made 
available to the processes of government, yet remain independent of the 
government and of its agents while offering knowledge and technical 
jud^en t in the public in terest. 

Between 1863 and the outbreak of World War I, reciuests to the 
Acaderay from the government, under the terms of Section 3 of the 9 
Charter, were significant but rather Infrequent Recognizing the likeli- 
hood of an increased level of such activities upon the entry of the United 
States into World War I,, and desiring to serve more eflRciently and 
effectively during that crisis, the Academy brought into being an organic 
national arrangement called the National Research Council (the nrc): 
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= , . to prDiTiote research in the mathefnatical, physical, and biological ^aleftces 
and in the application of these sciences to en jineeringj a^culture, ni6diOTie, 
and other useful arts, with the objective of increasing kaowledge, strength- 
ening the national defense, and of contributiiig In other ways to tiim public 
welfare. , . . The National Research Council shall server whenever po^gible 
and desirable^ as the principal operating agency^ of the National Academy of 
Sciences, furnishing profeisional and researdi advice to govemmeatd and 
othor organizations and administering luch furids that rnay be entousted to it, 

On May 11, 1918, by Executive Order Niimber 2859, Presid&nt Wil- 
son recogniMd the outitanding perforinance of the nrc during the war 
and requested that the Academy perpetuate the nrc* Today^ tlia nrc 
remains the principal mechanisnri by which the inititutfon perfonns those 
services mandated in Section 3 of the Academy Charter, 

For nnost of its hiitory, the NHc was a meinbership organimtioris 
coniiiting of the representatives deslpiated by a rnultitude of affiliated 
scientific and professional societies, together with a limited number of 
representatives of appropriate federal agencies, The members ware orga- 
nized into divisions, each of eisentially disciplinary character: physical 
sciences^ niathernatical sciences, chenilstry and chemical techiiologyj 
medical sciences^ earth science^j biology and agricultura, behavioral 
sciences^ engineering. 

Each study project undertaken by a given division ^ usually in re- 
sponse to a reqiiest from a federal agency^ was the responsibility □( either 
a standing comnilttee or an ad hoc comrriittee appointed for the piirpose. 
Reports froin the "nas/nbc'' were th<e reports of those comrnittees, 

The genius of the nrc idea was that It permitted the Acadeniy to tap 
for service those scientists, anywhere In the nation, most competent and 
knowledgeable with respect to the particular problem at hand, At any 
given time^ only a small fraction of the thouiands of sclentistSj physicians, 
and engineers so serving were members of the Academy; yet this ar- 
rangement, which placed the entire national technical community at the 
10 service of the federal government, was at all times guided by the scieiitiflc 

standards of the Academy membership* 

The National Eesearch Council was particularly instrumental m as- 
sisting the government in orgaijizing the emergency scientific and tech'- 
nical efforts in both world wars. After the second war, involvement &i tlie 
government with technical matters eKpancled and deepened; natJonal 
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expenditures tor research and development climbed. Concomitantly, the 
governinent'i appetite for technical advice grew rapidly^ and a host of 
advisory mechanisms was invented to satisfy that need. 

Those mechanisins contniue to evolve. Thus, congresiional commit- 
tees have traditionally utilised the liearing process as their major means 
of gathering infonnation and advice on technical matters, But the poking 
sense of the inadequacy of this mechanism, for this purpom, contributed 
in large measure to the recent creation by the Congress of its own Offlce 
of Technology Asiessment, Within the executive branch, adviiory mecha- 
nisms ti^S^ proliferated, Yet, despite the extent and diversity of their 
advisory striict^es, government agencies have increasingly turned to the 
**NAs/]srHc" for assistance. 

Unlike the circumstances of the distinguished Academies of the 
European nations, no provision was made by the Congress for a nninlnnal 
financial subsidy of the Acadeniy simply to assure that it is in being and 
available to respond 'Svhenever called upon/' Nor, when the m\c was 
perpetiiated by the Academy at the request of President Wilion, were any 
finids provided to assure that the nrc would, indeed, continiia to exist, 
Upon receiving a request froni a government agency, the Academy re- 
sponds by making a ^'proposar' to that agency* That proposal may accept 
or modify the originally posed question; it must propose a budgit and 
describe how, in general, the Nnc will go about the study project. If the 
proposal is accepted by the agency, a contract for cost reimbiirsement is 
then written. The contract provides for neither a fee for service for the 
Acudemy nor fees for service by the volunteers who serve on the i^iic 
caminittees* 

Over the years, the generosity of a number of donors, particularly 
major philanthropic foundations, has provided an endowment that now 
yields an annual Income of which no more than about $250,000 is po- 
tentially available for support of individual study projects in the stylo 
of the m\c. Hence, to undertake a new project on its own initiative, an 
m<Q committee has usually had first to seek external funding=a severe 11 
hnndicap to a volunteer group. For lack of a base of stable fundingi ism 
committees have operated largely in a responsive mode, undertaking 
studies on the request of the government; only rarely has a conimlttee 
been able to undertake, on its own initiative, a large, comprehensive study 
uFu major (luestiou, 
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The evolution of the Natianal Research Council and, particularly, 
its recient reDrgani^ation have been cnnditiuned by the presence at the 
Academy of two other membership organlzationi. In 1064 the Council 
of the NAs created, as a semi-autonomous body within the corporate 
entity, the National Academy of Engineering (nae). The mas has tradi- 
tionally elected to membership engineers of unusual distinclion in the 
design and development of innovative technologies, and numerous engi- 
neers have participated in the work of the Division of Engineering of the 
NHC. Election to membership in the nae is based on a broader mterpreta- 
tion of the role of engineers in American society than that utilized in con- 
sidering candidates for election to membership in the nas, 

The programs of the nhc's Division of Medical Sciences were, tra- 
ditionally, focused on the scientiflc basis for improving the capability of 
medicine tc* prevent or alleviate disease, Recognizing the need for an 
organizational entity designed to perform intensive analyses of the prob- 
lems confronted by the nation In providing medical care to its citisiens and 
to assist In the development of appropriate naticmal policies, the Institute 
of Medicine (iom) was brought into being by the Council of the nas 
in 1970, The diversified nienibership of the iom indudes not only phy- 
sicians but also practitioners of the many other disciplines that can con- 
tribute to the formulation of health care policy, 

Rcm'fianizatUm of tlw National Remirch Coumil 
The m\c was reorganized In 1973 for several reasoni^: 

L To provide an effective governance in which the Coiincils of the 
the NAE, and the iom could all participate. 

2, To terminate the concept of **meml)ership" in the nhc, Liaison 
would still 1)0 maintained with scientiflc and professional societies, but the 
hitter would no longer name representatives to be responsible for the work 

12 of the NHC, a long outmoded concept. Instead^ there wonld be markedly 

increased particlpaticm l)y membcrH of the nas, the nae, and the iom in 
the governance and work of the Nnc, 

3, To strengthen the major organi'/atiniud subunits of the Nna and 
to transfer to them much of the responsibility for initiatives and decisions 
c«)ncernlug their agenda, 
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4, To geiierate organizational slructures appropriate to the conduct 
of large multidiscipUnary study projects. 

5. To facilitate the institution of a set of quality controls for the 
entire enlerprisep 

The major administrative units of the restructured nrc are now as 

follows: 

Assembly of Behavioral and Social Sciences 
Assembly of Engineering 
Assembly of Life Sciences 
Assembly of Mathematical and Physical Sciences 
Commission on Human Resources 
Commission on International Relations 
Commission on Natural Resources 
Cfjmmission on Sociotechnical Systems 

The Assemblies, like their predecessor Divisions, are organized along 
disciplinary lines, They arc intondcd to promote progress in their con- 
stituent disciplines and to address those societal problems that can use- 
fully be considered along disciplinary lines, Each Assembly has an execu^ 
tlve committee of IS^-EO members, of whom at least half are drawn from 
the appropriate sections of the nah or from the nae. The President of the 
KAE is Chairman of the Assembly of Engineering; the Chairmen of 
the other Assemblies are members of the nas, appointed by the President 
of the NAs and approved by the nan Council 

The creation of the nuc Ccjnimis^ions recognizes that many of the 
problems of American society cannot be neatly placed into disciplinary 
packages, The larger problem.^ that increasingly engage the nhc— be they 
research needs for Increasing food production and alleviating mahuitri* 
tion, more effective ways to manage our environment, or appraisal of the 
future of nuclear energy— can be iiscfnlly addressed only by multidis- 
cipUnary bodies, i,e,, mixtures of natural aiid social scientists, engineers, 
physicians, attorneys, industrialists, and others. Each Commission, there- 
fore, consists of 15-20 members, at least half of whom are drawn from 
the memberships of the na§, the nak, and the lOM, and comprising a 
mix of disciplines appropriate to the work of the specific Commission, 



21 



NATIONAL HESEARCU COUNCIL 



The Institute of Medicine is unique in this structure, It is both an 
elected membership organisation and part of the advisory apparatus of 
the Academy complex. The elected Council of the iom plays the sajne 
decision-niaklng role as the Commissionij subject to approval by the 
Governing Board of the nhc, 

The Governing Board has thirteen members— seven from the nas 
Council, four from, the nae Council, and two from the iom CounciL The 
NAS president is Chairman of the Governing Board, and the nae president 
is the Vice Chairman, (Appendix C lists the members of the Governing 
Board and the members of the various Councils, ) 

About SOjOOO persons have participated in voluntary activity within 
the NRG in the years since World War IL Together with the memberships 
of the NAS, the nae, and the iom and the institutional staff, they con- 
stitute an elaborate, sophisticated network far the identification of those 
individuals with the special talents, competence, insight, and wisdom 
that may be required for the future advisory work of the nrc. A principal 
purpose of this first annual report of the National Research Council is 
to indicate to the American people and to the legislative and eKecutive 
branches of our federal government that this carafuUy constructed, in- 
tellectually powerful consultative arrangements unique in all the world, 
stands ready to be of service . , whenever called upon, , . /* 

Some Statistics 

During the year ending on June 30, 19TB, there were 560 committees, 
boards, and commissions within the National Research Council^ their 
functioning required the existence of an additional 378 panels, subcom- 
mittees, and other subgroups. ApproKimately one-sixth of these commit- 
tees and subunlts had been brought into being during the previous year, 
replacing a slightly smaller number that had completed their tasks and 
were discharged during the same period, All told, nearly 7,400 different 
14 individuals served in approximately 0,325 "slots" within all of the units 

of the National Research Council during that year. 

Members of the National Academy of Sciences^ the National Acad- 
emy of Engineerings and the Institute of Medicine constitute 90 of the 
133 persons serving on the Executive Committees of the Assemblies and 
on the Commissions, As of June 30, 1078, 195 members of the nas, the 
NAE, or the IOM were serving in the report review system, which exists 
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apart froni the structure of tlie nrc proper. In all, a total of 611 members 
of the NAs, the nae, or the iom— approximately one-third of their member- 
shij^served the nhc during the year. 

The critical unit of the Nattorial Research Council is the Individual 
serving on a study committee* The contributions of the 60,000 volunteers 
who have served the nbc in th# last three decades constitute a huge, 
loving, generous gift to our country. 

What Questions Shall Be Addressed? 

Each year every Assembly and Commission submits to the nrc Governing 
Board a program plan for th^ work it expects to undertake in the coirilng 
12 months. In developing that plan, the Assembly or Commission must 
evaluate the totality of its acWvities and examine v^hether the committees 
of that unit are addressing the most important relevant questions. In the 
same light, the program plan is ravlewed by the Governing Board, 

Most study projects undertaJken by the nrc have been engendered by 
specific requests from agencies of the executive branch, or Increasingly, 
by the Congress, The staff of the nrc has usually had opportunity, by 
negotiation with government officials, to assure that the right question has 
been asked and stated in acceptable form. Occasionally, however, an 
nrc committee has been frustrated by a request to address a question 
that seems too narrow or an insufflclent fragment of a total problem. 

With the newly reorganised nrc now In place, it is expected that an 
increasing fraction of its activity will be self-generated. However, It re=. 
mains to be seen whether the necessary funding can be obtained when 
projected costs of a comprehensiv© siudy of some sharply focused major 
question are comparable to, for eKample, those of the current studies of 
world food and nutrition (p^ge 170) or of the future of nuclear energy 
(page 29). Yet, conduct of mdi studies, addressed to long-term problems 
that must be managed on a time scale much longer than that of the 
normal political process, should be a principal role of the nrc, as distinct 
from that of in-house advisory mechanisms of the government 

Who Serms on nrc Siudij CommimmP 

The role of an nrc committee is to clarify and narrow the issues when- 
ever possible, to bring forvvard all relevant information, to appraise exist- 
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ing questions and raise new ones, to formulate necessary research, and 
to Jndicate available options and their consequences. In gathering a com- 
mittee to undertake such a task, access to the entire national technical 
community is the principal asset of the nrc, An invitation to serve on an 
NHc cammittee is generally welcomed as a mark of high distinction* 

Committee appointments are generally proposed by the chairman of 
the Commission or Assembly in consultation with members of his unit 
and fraquently with other units of the nrc. The proposed slate of com- 
mittee members is reviewed by a special office within the E?ceciitive 
OfiRce of the National Research Council to ascertain that 

• Appropriate sources^ within and outside the nrc, have been con- 
sulted concerning the selections 

• The proposed individuals are indeed highly qualified to address 
their eomnion task 

• The reqinred areas of competence are appropriately represented 

• There is meaningful geographical balance 

• Within the entire nbc, there is steadily increasing utilization of 
women and members of minority groiips 

• Each years more young scientists are introduced into such com- 
mittee work 

The same office is responsible for oversight of the process whereby 
the Institution attempts to avoid improper intrusion of bias into the 
deliberations of Its committees. The primary instrument utiliied for this 
purpose is a forni entitled "On Potential Sources of Bias/' a copy of 
which is provided as Appendix A, Whenever the nature of the subject 
matter suggests the desirability of utilizing this form, all members of the 
committee are requested to complete it. The appointment process is 
regarded as complete only after it has been determined that the proposed 
appointments would not prejudice the outcome of the committees efforts. 
16 Instances of conflict in consequence of personal financial interests 

have been extremely rare. The problem of '*bias" can be much mora 
subtle, involving, for example, an individuars public stance on the sub- 
ject to be considered, Of course^ opinion tends to divide on major ciues- 
tions; and, occasionally^ the scientiflc community may be seriously 
polarized as it has been^ for example, with respect to the future of 
nuclear energy, It has seemed wise to avoid appointments of individuals 
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who have publichj taken extreine positions, and the ''bias fDrm" helps us 
to accomplish that, However, attitudes not publicly expresied are not 
revealed by these forms. It is the task of the committee chairman and 
of the NEC staflF to become aware of these attitudes and to ensure that 
the committee is adequately balanced so that its judgment will be free of 
any systematic nonobjective influence. 

In a matter of public controversy, an nrc report will usually con- 
stitute but one element in public decision m^lng; the diverse attitudes 
and value system of our complex society must have full opportunity to 
affect decision making after the technical report is available. 

It is occasionally argued that the reports of nrc committees 
would be "more credible'' were there "representatives of the public" on 
the committees. However, nrc reports are technical reports^ and nrc 
committees consist largely of technically trained people with competence 
relevant to the subject matter. The reports are intended to be free of 
values j except for that one value upon which there is absolute insistence: 
rigorous adherence to the truth, Insofar as truth can be determined. 

The Review Process 

The nrc is not a collegial organization. When the nrc agrees to a task^ 
the institution, collectively, accepts responsibility for the resultant re- 
port, This responsibility is exercised in the discussions that determine 
the actual question to be addressed, in the care with which the study 
committee is constructed, and in the work of the staff in bringing all 
necessary materials to the committee's attention. When the committee's 
work is complete, it is imperative that the institution satisfy itself of the 
quality of the report, This is accomplished by a review procedure, the 
standards for which are established by the Report Review Committee. 
Each Commission or executive committee of an Assembly must satisfy 
itself that its own reports meet those standards. In addition, at the dis- 
cretion of the Report Review Committee, about 15 percent of all reports 
are examined by an ad hoc panel of reviewers especially assigned by the 
Report Review Committee from among a standing panel of members of 
the NAs, the nae, and the iom. Such a second review Is made when the 
subject Is a matter of public interest or controversy, when the report 
contains signiflcant recommendations for public policy^ when it is felt 
that the'report should be reviewed by persons whose disciplinary back- 
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ground md interesti difFer markedly from those of the authoring com- 
mittee, or when the Report Review Committee is concemedj for any 
reason, about the quality of the report. (See AppOTdlx B for Insteuctions 
given to revieweri by the Heport Review Committee.) 

This second review normally reiulti in a rather detailed commentary 
to which the authoring committee is obliged to respond. The report 
may be released only after satisfactory completion of this process. This 
revie^^ system has heen in place for several years. Although it is not 
foolproof, it doei v/oth very well We are unaware of any other organiza^ 
tion that goes to equal lengths to assure the quality of comparable 
reports, 

Piihlic Acmss 

In 1975, by formal adoption of an institution-wide policy^ the process by 
which m\c study projects are conducted was opened to the public in 
several ways* 

• When a new project committee is established to address a matter 
of public controversy, that committee is encouraged to hold public hear- 
ings for the receipt of relevant information and views. 

• After a report has passed through the normal review procedures, 
copies may be made nvailable to interested, knowledgeable individuals 
and (jrgani^ations^ and a special public meeting may be convened for 
discussion of the report and questioning of the authoring committee. A 
siimniary of the proceedings of this meeting will become part of the 
public record. 

• Other than tlie few reports classifled for security reasons, all ra- 
- ports become piibllc documents shortly after their transmittal to the 

requesting agency. At that time, a file containing copies of documents 
and inforination made available to the committee during the course of 
18 i ts work will be openecj to public inspection, 

' Advlm in '*Red Time' 

The advice transmitted by the institution to a requesting federal agency 
is generally presented iii a formal report that can then be judged on its 
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merit by the agency and hy the interesled public. A principal purpose 
of the Federal Advisory Committee Act was to eliminate oppartunftfe^ 
for nnmonitored advice to be privately given to government offlciaLs by 
formally constituted committees, with no record available either of the 
process or of the advice given. Although that law is not applicable to 
the Academy as a private organization, nevertheless nhc committees, 
also, should not tender private, confidential advice to federal agencies. 
Nor do they. 

The NHC, tlw Academy, and the Federal Government 

The National Research Council stands today as perhaps the most power- 
ful technical advisory apparatus available to any government in the 
world. Yet, uniquely, the nhc; is neither part of the government nor 
controlled by it. That independence, together with the confidence of the 
scientific community, constitutes the institution s greatest strength; the 
arrangement is uniquely American. 

Over the years, there have been varying perceptions of the imture 
of the legal relationship between the Academy and the government. 
The official Government Organization Manual lists the Academy among 
a handful of ' qU'^si-official agencies," but neither defines that relation- 
ship nor specifies its implications. Occasionally, particularly during World 
Wars I and II, the Academy has seemed to function as if part of the 
government proper. Indeed, occasionally. Academy officers have deliber- 
ately fostered that viewpoint. But a series of formal decisions has afflrmed 
the essentially private nature of the institution. In a test of whether 
recent extensions of the Government Procedures Act should be applied 
to the Academy as "an agency of the government within the meaning 
and intent of the Federal Advisory Committee Act," the UJ, District 
Court for the District of Columbia held that the Academy does not par- 
take of the normal properties of a government agency — having no deci- 
sion-making authority, no policy-making authority and no enforcement 
authority— and that those laws, rules, and regulations that Congress has 
established to prescribe the behavior of agencies of government do not 
apply to the Academy. 

Still, the Academy surely eaimot be considered an ordinary "not 
for profit" corporation. The Academy's charter at once defines the nature 
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of the iiistiluticjn and slipnlutc'S tliat its uiiicjiie rc?*()nrcciH be mudti avail- 
ablo nn re(pic\st to tlu* HovrrnrncMit, 

Btit the charter ul?»o HtiptihUuH thai "tho Aeudomy slmll receive no 
(MnnjHMiHallon whatever for any servieeH to tlie Government of the United 
States." Aeeordingly, when tlie Aeademy was ereatedj no funds were 
provided l)y the governmtMit to assitre its minimal existence; the initial 
expenses were defrayed from the private pockets of die founding mem- 
hers. A headquarters louallon was provided to the Academy for sixty 
years by tlie^ Snjithsonian Institution at no charge to the Academy, As 
tile result of a few modest be(|uests and several generous grants from 
major phihuithropic foundations, the Academy acquired its present head- 
cjuarters btiilding and an endowment, the principal of which, at this 
time, is only one4hird the size of the annual operating budget. It is 
payment of the indirect costs associated with the direct costs of the 
study projects that provides the financial means by which the Academy 
assures that the nhc: does indeed exist so as to be responsive to the 
government. Unfortunately^ that somewhat precarious existence is ap- 
preciated only with difnculty andj occasionally, engenders resentment in 
ofricials both of the diverse federal agencies with which the Academy 
contracts to provide services and of the philanthropic foundations. 

JJiich more rational and desirable would be a markedly larger 
endowment income or an annual and assured subvention analogous to 
endowment income, from the government to the Aeademy, in an amount 
stifficient to assure the l)asic existence of the National Research Council 
and independent of funds provided by direct contract. A government 
subvention of this ehuracterj to asstire the stable existence of this in- 
valuable advisory arraugc?ment and to enable a modest level of self- 
initiated studies, would be acceptable only if ironclad giiarantees were 
provided of freedom of the nhc from government control. That this is 
feasible is evident in the legal arrangements for various government- 
financed corporations. It is also suggested by the fact that the Royal 
20 StJciety of London and the Academies of Science of numerous European 

countries receive substantial annual operating subventions from their 
governments even In the absence of any obligation to provide advisory 
services of the kind available to our government through the National 
Hesearch Council. 
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What Arc tlw Limits to Growth of the nm? 

The reciuifemeiit of government for advice on leehnical matters \vill 
c'ontinne indefiniUny. Tluit advicu will flow from the Nuc as well «is the 
governmental advisory apparatus lodged in the agencies ol the execu- 
tive branch, in the White House itself, and in Congress. The essential 
resoiirce for all these groups is the American scientific and technical 
L'oniniunity. Our experience indicates that in some problciTi ^roas a vq^y 
large number of the truly useful and knowledgeable individuals hi\ye 
already been commandeered for nhc service, Thus^ the print:ipal limita- 
tions on the total size of the nhc are certainly (a) the size of the co^^^ 
pelent technical community available for such service and (b) the ^^kx-^ 
mum size of nhc committee structure and staff compatible with the 
operation of the quality controls that now exist. In a general way? the 
entire structure could perhaps double without exhausting the capability 
of the scientific community and before breakdown of necessary quality 
controls. But, as a nonprofit organization designed only to serve the 
nation, there is no motivation within the Academy to seek such growth, 
which brings with it only additional management responsibilities. 

Scope of the n»c Program 

The diverse program of the nhc reflects the richness and variety of the 
national effort in science and technology as well tlie compleKity of Cqiv 
temporary American civilization, nhc committees are currently grappling 
with such questions as^ By what approaches can one hope to decelerate 
the growth of the world population? How can research increase wot^jj 
food production? How accurate are present estimates of national and 
worldwide reserves of fossil fuels, uranium, and the principal minefals 
the world economy? What can one reasonably say concerning the futuyg 
of nuclear power? 

But most committees are engaging less global, more nfiundane mat^ 21 
ters, such as: What is known about the toxic effects, if any? of chronic 
exposure to the materials in automobile emissions? Are there data that 
permit setting of standards of permissible concentrations of diverse cheinj. 
cals in drinking water? What will bart do to the economy of the Bay 
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Area? Does the research program of the Veterans' Administration con- 
ttibiite to the quality of medical care in va hospitals? Can one project 
national requirements for various types of biomedical investigators for the 
future? Hovi^ should payments be made from Medicare to doctors working 
in teaching hospitals? Is more research needed on the chemistry of coal? 
Would manatee breeding open clogged tropical vs^aterw^ays while increas- 
ing the supply of "meat"? What research would improve the economy and 
performance of the U*S. merchant fleet? 

Meanwhile, other committees select the most qualified applicants for 
NSF fellowships or for associateships in U.S. Government laboratDries, plan 
the U.S. program for the International Geodynamics Project^ recommend 
the future scientific program of the space agency, anddesi^i the organiza- 
tion and program of a Solar Energy Research Institute, Yet others ask 
whether the federal program of research on manpower programs has been 
sufHciently conslTuctive; plan programs of mutual research with icientists 
in the countries of Eastern Europe; manage the program of scientific 
exchange with the People's Republic of China; plan one of various inter- 
national scientiflc congresses; worry about the effects of continuing cli» 
matic change upon future agricultural productivity, or about the effects 
of halogenated hydrocarbons on the concentration of ozone in the strato- 
sphere and what that may do to the incidence of skin cancer; consider 
how to build a better road or house or office or subway train— and so on 
and on in a bewildering, hectic, exciting kaleidoscope of problemsj puz- 
zles, controversy, discovery, learning, and service* 

The NHC is a sorting machine that selects from the multitude of pri- 
vate and public institutions of the nation, from its many regions and cul- 
tures, an assemblage of individuals of differing talents, knowledge, and 
experience, calls the ensemble a 'committee/' and confronts it with a 
challenge. 

In the chapters to follow, the principal offlcers of the institution offei 
their views of the scale, scope, variety, and national significance of the 
22 programs of the National Research Council 

Philip Handler 
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Engineering 
and the 
Golclen Age 



In several respects the 1940s through the 1960s was the golden age of 
science and engineering. During this period there were many spectacular 
advances across the full spectrum of the sciences^ technology^ and engi= 
neering that resulted in new Industries^ spectacular new systems and 
rational programs of great significance. In science we achieved an under- 
standing of the molecular basis of genetics^ with profound consec]uent*ei 
to life on this planet. In technology we witnessed advances in high-speed 
fluid mechanics^ gas turbines, navigational guidance^ and computation. 
These culminated in engineering triumphs of astonishing complexity as 
new science and technology fed advanced concepts in system engineer- 
ing. We saw the development of nuclear weapons and power; ballistic 
missile systenis; sophisticated space systems, both manned and unmanned; 
new concepts in transport aircraft; and advanced communications and 
informatlon-processing systems. 25 

The golden age was partly motivated by national fears ^ fears of a 
missile gapj a space gap, and a prestige gap. There was strong financial 
support for technology by the Congiesi with consequent effects on all 
le\ els of our society. Exponential growth of scientific and technical pro- 
grams occurred in our universities^ with resultant large Increases in num- 
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I)er.s of gratliuite Htiidcnt.s and H\m of fuciiltias. This axpanslon attracted 
many of our host young minds who on gradimtion continued the tech- 
noI()gical inoinentuni of lliu golden age. 

The euphoria experieiu ed during the golden age of saience and engi- 
neering ended in the early 1970s, Certainly, a major element was national 
tcjiiuern with the Vietnam war; but primarily it was a growing concern 
over the question of where the teehnologieul advances were leading the 
( ounti v. There were serious concerns over pollution of our environment; 
we were faced with the stark reality that our energy demands could not 
grow indeflnitely if we were limited largely to fossil fuels, An economic 
recession and inflation brought all of these problems into high relief. It 
seemed that many of the great technological successes of the golden age 
had no immediate relationship to those real problems of the world, and 
us a residt seionce, technology and engineering became suspect, Many of 
our brightest young minds turned away from science and engineering and 
looked elsewhere for challenges and new fields to conquer. 

In short, there was a growing realization that the application of high 
technology, which was leading us into Increasingly complex and costly 
syHtems, had to be constrained to fit the real needs of society as well as the 
real requirements of economics^ energy demand, and environmental im- 
pact. Awareness of these factors gave impetus to the concept of tech- 
nology assessment, which added a new and significant element to the 
reseurch and development process. Today the challenge to engineering i^ 
very real, but the system designer must concern himself with societal fac- 
tors of increasing complexity. This is the new dimension facing the science 
and engineering community. The National Academy of Sciences and the 
National Academy of Engineering must help in achieving national under- 
standing of this phenomenon and in facilitating the readjustment that is 
necessary in the university. Industry, and government, 

A most disturbing aspect of this readjustment, aside from the fact 
alfeady mentioned Uiat able students are turning away from science and 
26 engineering, is an overcorrection in effort from high technology to broad 

societal programs. There is concern among technologists about a resultant 
loss In creativity and Innovative spark that characterized and made pos- 
sible the remarkable advances of the golden age, There must be a sensi>- 
tlvity to the needs and constraints of society; but this must be gained in 
a sensible and reasonable way that will not dampen the creative drive of 
our budding scientists and engineers. 
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An irony ()f our era is that technology^ which wm bred through the 
cooperative efforts of the science and engineering comminiities and which 
has produced u prevluusly nnjiurpus.sed (pialily of hfe, k often faulted lur 
degrading that very cpiahty of Ufe, Yet it k only through the further appli- 
cation of technolugy that the ills besetting an industrialized society can 
be alleviated. Technology has so shrunk the world that the concerns of 
one nation may come to assume global proportions^ And virtugj'y all 
societal proldems today require technology and engineering for their 
amelioration. 

The great advantages that accrued to this country during the golden 
age, measured in technological progresh-, balance of payments^ or im- 
proved way of life, must not be lost. Our scieiitiflc and technical lead 
must be maintained, and our engineers must continue to develop new 
systems concepts in which the social and environmental constraints are 
recognized as important elements. If We lose our edge in creativity and 
iimovation, the leadership that we have enjoyed will surely pass into other 
hands. 

These are difflcult and complex Issues, and they are fully recognized as 
such by the National Academy of Engineering. Members of the nae, 
engaged principally in the technical programs of the Assembly of Engi- 
neering, the Academy's operating arm within the National Research Coim- 
cil, are focusing their broad engineering talents on many major and diverse 
problems, such as the world food shortage, our energy problems, environ- 
mental Issues, application of space technology to national needsj and im- 
provements in aeronautics, transportation, communications, and other so- 
cial systems. There is no dearth of problems demanding solutions, and the 
challenge to our creativity and ingenuity is at least as great as it was dur- 
ing the golden age. 

One of the most complex issues facing us today is the role of inven- 
tion, innovation, and transfer of science and technology in new industrial 
ventures. Many university programs have been reoriented too far away 
from these roles (if science and technology. 27 

Brilliant young scientists and engineers working in a favorable envi- 
ronment provided great advances in air transportation, including aircraft, 
propulsion, and air trafBc control systems; in electronic digital computa- 
tion; and in communications and information processing, These products 
of high technology came from creativity and innovation in a climate that 
allowed new venture capital to support transfer of new technologies to the 
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ilidustrial world. Tlnis emerged many new feehnology-intensive industries 
that made significant contributions to the nation's progresi. 

The dampening influences that marked the end of the golden age 
have brought into sharp focus new and irnportant challenges that must 
be faced now and in the future. The concerns of society must continue to 
be recognized as valid constraints; but in recognizing them we must guard 
against altering the conditions that nurtured the creativity and innovation 
that was ^o important to our progreis in the past. Today we see the results 
of these constraining factors in ihe changing character of some university 
programs and engineering facultieSj in the loss of graduate fellowship 
support, and in a decline in the Interchange between industry and the 
engineering schoolN. Beyond this, we also feel the constncting influence 
of some governmental regulatory actions that impede the flow of new 
ideas through channels of technology transfer into the economic life of 
this country* If these key issues are not resolved promptly^ many of our 
lesser concerns may well become academic* 

In summary then, this country has recently emerged from a golden 
age during which science, technology^ and engineering experienced ex- 
ponential growth and produced a flowering of new concepts and majestic 
systems. A great deal of the motivation for this progress came from deep 
national fears of certain capability gaps. Most of these fears have now 
dissipated, and the country is facing new issues closely aligned with 
present-day problems on earth. 

As we look to the future, it is incumbent on the Academy and its 
members to identify emerging areas of concern; to exercise leadership by 
defining the relevant issues; and to take appropriate action toward their 
resolution for the benefit of society, 

Engineering prospects are alive and welh We are faced with many 
new problems that can excite the young minds of our country. But as we 
lay on each new constraint, we must ensure that we are not stifling the 
driving factors that have, in large measure, been instrumental in moving 
this country to the prominent position it enjoys as it approaches the 
two-hundredth anniversary of its founding. 

CouHTLANO D» Perkins 
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NUCLEAR AND ALTERNATIVE ENERGY SYSTEMS 



The NRc has been asked by the Energy Research and Development 
Administration (erda) to undertake an 18-nionth study of the nation s 
energy future, between 1980 and 2010. The study will consider a broad 
spectrum of possible sources of energy^ recognizing the importance of an 
energy supply adequate to assiire the well-being of society, but keeping 
in mind also the socioeconomio, environniental, resource, and human costs 
associated with energy production and consumption. In particular, the 
study will examine the range of issues surrounding the use of nuclear 
power in the context of both the probable needs for and the availability 
of alternative energy sources* 

The issues are complex, Energy policy cannot be considered as iso- 
lated from domestic societal or foreign policy goals, Further, many energy 
issues have major uncertainties associated with them* For example, 

• The U j. resource base, primarily for offshore oil> natural gas, and 
fissile fuels, is highly uncertain, 
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• The mix of energy supply systems that will be required in the 
future depends upon an uncertain future rate of growth of both total 
energy reqiiirements and electricity use, 

• The rate and effectiveness of conservation efforts are not fully 
known and depend both on advances in technology and on changes in 
institutional arrangements. 

• The time required to make advanced technologies available, in- 
cluding the breeder reactur, coal -conversion options, and solar, geo- 
thermal, and fusion power, is dependent upon the level and focus of b&d 
expenditures and the time and effort needed to overcome technological, 
economic, and environmental uncertainties. 

Thus, while the study will focus on the future role of nuclear power, 
a valid analysis can be made only in the context of a critical examination 
of total energy needs, alternative energy technologies, and the full spec- 
trum of socioeconomic, environmental and human forces that detennlne 
energy supply and demand. With diminishing domestic supplies of petro- 
leum and natural gas, all possible alternative energy supply options must 
be considered. An assessment of these alternatives must consider a multi- 
tude of issues, including the resource use associated with various systems, 
the need to assure adequate safety and environmental protection, the 
research and development required to develop new technologies, and the 
investment required to commercialize newly developed technologies. 

Another important issue concerns the use of electricity, which in 
recent years has been increasing even more rapidly than overall energy 
consumption. Should this trend continue, new electricity demand would 
most likely have to be met in the near future by expansion of coal or 
nuclear generating facilities. Both of these resources have great potential, 
but both also have serious problems that must be addressed, including 
rapidly rising costs of implementation and concerns over safety and envi- 
ronmental impact, In this connection, the lead times for research and 
3() development, for exploration and explGitation, and for conitructing power 

plants and distribution systems are critical. The lead time for putting a 
new coaUburning or nuclear-powered electric generating plant on line, for 
example, is now in the range of 6-^10 years. The lead times for achieving 
appreciable market penetration for alternative sources of electric energy, 
such as solar, geothermal, or fusion power, are undoubtedly much longer. 

Many other energy supply issues require analysis and evaluation. 
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Technologies for the reliable extraction and economic conversion of coal 
into synthetic oil and gai have not yet been developed to the point v^here 
private investment and production can proceed. Solar and geothermal 
energy technologies are at an early stage of development, and their 
progress, promise^ and problenis need careful evaluation* Fusion power 
has not yet been demonstrated to be scientiflcally feasible. One of the 
most fundamental issues centers on the total impact of nuclear power^ 
in terms of benefits and risks, as v^ell as on a detailed analysis of the nu- 
clear options. This includes examining the various converter and breeder 
types of reactor systenfiSj and the thorium cyele^ as well as subsets of the 
basic nuclear issues^fuel supply and enrichment, recyclings safety, re- 
liability, wastes, safeguards, health and envifonmentS impacts, and so on. 

The demand for energy in the years ahead is dependent on m>nriad 
variables, including energy costs, economic powtii, population growth^ 
social values, and public policy. No deflnitive projection of demand can 
be made; rather^ it is possible only to project the ranges in demand deter- 
mined by various assumptions. Projections of electricity demand are even 
more difficult. The problem, simply stated, Is to prepare to meet an un- 
certain future demand for energy with a limited number of existing 
options that may in time be broadened. The effect of conservation on 
energy demand is also difficult to predict. While there is a growing con- 
sensus In favor of conservation programs that may be carried out without 
adverse effects on employment and standard of living, there is much less 
consensus on how extensive a cutback in the growth of energy consump- 
tion is socially desirable or economically possible In the near future. 

With the uncertainties In energy demand, in technological options, 
and In public acceptability, it would be a specious exercise to prescribe 
a single array of different energy sources as a guide to the nation's energy 
planners. Rather, the study will concentrate on assembling sets of alterna- 
tive energy supply options that can satisfy a range of energy demands. 
Within the context of any level of demand, it will then be possible to 
address the role of nuclear power or the implications of its unavailability, 31 
With this approach, many Issues posed by nuclear power can be analyzed 
in a setting that also incorporates economic, environmental, and techno- 
logical judgments on existing and potential alternative energy sources, 
Similarly, judgments on alternative energy supply options can be made 
over a range of potential energy demands. 

To shape the studyj an nbc Committee on Nuclear and Alternative 
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Energy Systems has been established. Reporting to the conwnittce are 
several study panels^ each focuilng on a key element of the energy picture. 
One panel will examine the potential ranges of energy dernand to the year 
2010, explicitly analyzing the uncertainties and the forces that shape 
demand^ inchiding energy cost and efficiency of use. Another panel will 
look at the state of existing and potential energy supply systems and the 
likelihood of their technical development and implementation In various 
time frames, while a third panel will assess the comparative risks and 
impacts associated with each energy option or total system* A synthesis 
panel will emmine issues that cut across the boundaries of the other three 
panels and will ensure thatjthere are a minimal number of gaps in the 
overall coverage of the study issues, Each panel will be assisted by a 
number of specialized resource groups^ which will assess particular tech- 
nologies (e.g., nuclearj solars coal) or examine specific issues (e.g., effi- 
ciency of energy use in buildings^ price, elasticity of demand). Information 
generated by the resource groups will include products of other studieSj 
including collateral studies within the nrc and papers that may be written 
by individuals connected with or commissioned by the study. Overall^ 
more than a hundred persons will be involved in the study. 

In order to evaluate the various policy options, an appraisal will first 
be made of the present and projected states of the respective energy sup-^ 
ply systems and then a series of possible energy-demand scenarios will be 
developed. These scenarios, or projections of energy demand, will include 
breakdowns of energy use into the various end-use sectbrs and of supply 
into the assumed mixes of supply technologies in the system. Included will 
be some scenarios that are dominated by social considerations, leading, for 
example, to restrictions on the development of particular supply systems, 
such as nuclear. Emphasis will be placed on scenarios that illustrate the 
impact of variables with major uncertainties that can influence future pol= 
icy options, such as the quantity of domestic oil and natural gas reserves 
or the rate of development of nuclear power. 
32 In making the comparisons among the reference energy scenarios and 

in considering strategies for the development and refinement of nuclear 
and other supply options, the study will attempt to Identify 

• The trade-offs (beneflts/costs) in the policy choices that society 
must make 
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• The uncertainties that come about, in evaluating these trade-offs, 
from the inclusion in the analyses of factors whose quantitative values are 
poorly known 

• The areas where the uncertainties are both critical to policy choice 
and amenable to resolution by research 

• The sensitivity of future policy choices to current R&D strategies 
' and priorities 

The end result will be a report tliat describes in a coherent fashion the 
consequences of a series of possible energy policy options, together with 
an assessment of the potential impact of present erda r&d programs on 
future energy policy choices. 

In keeping with the recently established Academy policy that en- 
courages public access, a set of public meetings has been held to allow 
input from the general public both on the issues that this study should 
address and on the study plan. 

Committee on Nuclear and Alternative Energy Systems, Assembly of 
Engineering. Committee Co-Chairmen, Harvey Brooks of Harvard 
University and Edward L. Ginzton of Varian Associated; Stiidy Direo^ 
tor, Jack M. Hollander. 



METROPOLITAN COMMUNICATIONS 
FOR THE FUTURE 



Effective use of communications technology in a metropolitan setting is 
a distributed national goal, which is described in Harvey Brooks' essay 
elsewhere in this report (p. 133) as "largely local in nature, in the apprQach 
to . . . solutions, and in the consequences of these solutions," And as 
with any distributed goal, difficult questions bubble up; What are realiz- 
able roles for communications technology? What purposes and needs 
might it meet, immediate and long term? How can maximal benefits be 
extracted from existing and evolving communications technologies and 
systems? 

These, in their simplest form, are some of the questions now being 
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addressed in m nrc study of future metropolitan communications^ funded 
by a consortium of federal agencies. The Intended product is information 
that can be used by federal policym^ers, regulators, operating agencies, 
and metropolitan govemments to guide in an evolutionary way the growth 
of multipurpose metropolitan communications. 

The need for the study and the Implicit difiBcultles it faces were set 
out Indirectly in a 1974 nrc report. Toward an Undemanding of Met- 
ropolitan America,^ which noted that twentieth century mettopolitan 
growth had a pattern of aggfegation into a relatively few urban centers^ 
followed by dispersal outward into suburbs* 

The report also pointed out that technologies such as communication 
and transportation that provide easier access to the city and its surround- 
ings themselves tended to change the character of metropolitan life: 

As access within the metropolitan community improves, increasing numbers 
are drawn from the entire region into the orbit of its activities* Meanwhile, 
the number of those engaged in intermetropolitan transactions also rises* As 
scale increases^ patterns of transaction become more complaxj localities merge, 
boundaries become blurred, and a multicentared, multiassociational form of 
urban aggregate takes shape. 

What is involved is a series of deconcentrating and often mutually rein- 
forcing tendencies in metropolitan areas. Demand for public services rises, 
stimulating the proliferation of local governments, whichj in turn, leads to an 
acceleration of deconcentrating movements, . . . Eventually there is a rela- 
tive decline of radial movements and a complex web of crisscross movement 
becomes commonplace throughout the metropolitan area, A change in one 
area reverberates rapidly throughout the whole because of the new systemic 
integrity of its parts.t 

Thus, the Study on Metropolitan Communications for the Future 
confronts a metropolitan pattern formed by aggregation and dispersal, 
tangled by social, political, and economic complexities, In which three put 
of four Americans now live. The Study approaches the metropolitan 
conundrum with an awareness of the potentials and range of telecom^ 
34 munications technology. However, as is emphasized in the Study's work 

statement, '*This Is not to be merely a narrow study of systems and hard- 
ware. It Is to be an engineering study in the broadest sense, that Is, a study 

* National Reiearch Council 1974. Toward an undsrslanding of metropolitan America, San 
Frandicoi Canfleld Press> 
t Ibid,, pp. 12^13. 
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of how technology might be utilized to accornpliih recognized social 
goals/' 

The range of communications technology now on hand Is truly e^, 
traordinary, It makes possible hi^-speed, high-volume tranimission of 
inforaiation— data, voice, and pictures. Computer-aided switching sys, 
terns provide fast access to memory stores of many types and also permj^ 
precise control of the routing of electronic data through telephonei, opeji 
and closed circuit video systems, and domestic and inteniational sateUlte^^ 
At terminals, there are display devices of various sorts ^ printer^? recordef§_ 
video playbacks, facsimile machines^ and so on. These existing systems 
fed by still developing technologies such as large-scale integration, ne^ 
metallic oxide silicon devices, more reliable, hl^-capacity satellite 
undersea systems, new data-compression circuitry, and microwave 
guided-wave optical systems. 

The issue in metropolitan communications Is obviously not niot^ 
technology. We know that some will work and some will not' Soma wij] 
be worth the costs and some will not. Some will be suited to certain needs^ 
but not others, Some should be redesigned for wider use— for others it ig 
impossible to foresee all of the possible uses, 

The ideal is one or at least a few common communications systeitiig 
for many different metropolitan needs. The actual pattern has been sepa- 
rate systems for separate uses. Police, Are, and health departinents in ^ 
community may use communications systems relying on slniilar modes of 
transmission, switching, memory storage, and information processing, ^Xxt 
each system is funded and operated separately, A tele-medicine system of 
a state department of health may seem superflcially different from ^ 
computer-assisted instruction system installed by a board of educatioj^ 
But, agaiUj the two may use similar technologies of switohingi transniis, 
sion, and memory storage, Can such technologically similar systemi be 
planned to accommodate the different uses? Can they be planned in a w^y 
that easily admits new users and new needs? What roles can and should 
federal agencies play in this process? 35 

The proposal for this study cited ^'pressing metropolitan needs," Oti^ 
is the familiar example of substituting telecommunications fof transport^, 
tion- electronic travel rather than physical. While the idea has reached 
the level of cant, there is little apparent evidence that conimunlcations ^5 
an alternative is a common factor in transportation planning^ The moj^g 
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usual pattern In metropolitan growth has been separate planning of com- 
munication and transportation, This thesis is enunciated by Edward M, 
Dickson and Raymond Bowers,* who believe that^ relative to transporta- 
tionj telecommunications technology is undyrexploited. 

"In many respects/' they comment^ "the state of telecommunications 
technology today resembles transportation technology in the 1920s when 
the potentials of the automobile and the airplane were Just being per- 
ceived and eKpioited/' There are, of course, crucial differences between 
transportation and communications; in some cases they may substitute for 
each other and in other cases not, Careful analysisj including analysis of 
the human factors Involved, is necessary to avoid counterproductive 
actions, Introduction and expansion of new communications networks — 
the video phone^ for example— could sap eflforts to expand public transit. 
The study will, in part, examine some of the issues of transportation 
vis-a-vis communications* 

There are other metropolitan needs that may be looked at. How do 
citizens talk to their local governments? How do they find the right infor- 
mation, offleej and offlcialP How do public officials get fast responses to 
questions about the workability of new programs and policies? How does 
a driver seeing a fire quickly report itP How does he report his location 
and that of the fire? How do we make better use of a limited and geo- 
graphically concentrated corps of physicians? Can communications tech- 
nology provide rapid, accurate, and inexpensive detection of air and water 
pollutants? 

And what are the possibilities for electronic mail? What are ways to 
apply the "narrowcasting"' capabilities of cable television? What effects 
will new technologies such as the video phone have on the standard tele- 
phone and cable television? Do satellites have a role in metropolitan 
communications? 

Quite obviouslyj whatever issues arise during the study will have been 
tested against several realities. For example, a metropolis is normally not 
36 a political entity; it is a geographical and statistical one, A metropolitan 

area is a patchwork of county, city, and town governments, each struc- 
tured somewhat differently and each with its own local imperatives. Such 
split jurisdictions make collective action difficult, particularly if an idea is 

M, Dickson and R. Bowers, 1973. The video telephone. New York: Praeger, pp, 125-127, 
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novel Capital cos's may be high, federal aid too little or imavailable, and 
the arguments of life-cycle coits not congruent with annual budget mak- 
ing, Various citizen groups may ralie legitimate issues of privacy and 
confidentiality. 

Present plans are for the study to cover current technology and its 
improved application to present and potential uses over the next 5 years 
(1976=1980), A follovi?-on phase of the study would cover new technologies 
(examples: fiber optics, computer systems, satellite systems^ digital com- 
munications) and their integrated application after 1980, 

Motropolitsn Comnuinicfltions for the Future, Comniittee on Telecom- 
rnunicstionSj Asiembly of Engliieering. Study Chainnan, Henri 
Buiignies frf the itt Corpomtion; Staff Officerj K, V, Mro^nski. 



ADVANCED ENERGY STORAGE SYSTEMS 



At the request of the Energy Research and Developnient Administration 
(ERDA)j an ad hoc committee of the Energy Engineering Board of the 
Assembly of Engineering Is conducting a l-year study of r&d for advanced 
energy storage systems. Not to be confused with fuel storage, the energy 
storage problem i^ primarily associated with techniques for effectively 
storing electricity' 

Unlike fuels such as coal or petroleum productSj which can be stored 
in piles, bins, tanks, or pressurized containers after being extracted or 
refined^ electrical energy is produced and consumed instantaneously. Con= 
sequently, the electric utility systems must have the generating capacity 
to meet the rnaxinium combined electrical demand, regardless of the 
infrequency with which that demand is imposed, 

The demand for electricity is a function of our work habits and life 
styles; these have developed in patterns that result in highly fluctuating 37 
electrical loads. For axaniple, industrial activity is at a pe^ during the 
day shift; on hot summer afternoons the industrial load is augmented by 
residential and conimercial air-conditioning loads, producing the bluest 
electrical denniands of the year* By contrast^ demand levels are markedly 
lower in the early niorning hours and on weekends. 
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Since the utilities must have enough generating capacity to meet the 
hlgheit peak loads, it follows that much of the equipment either stands 
idle or is lightly loaded for part of the time. Although fuel costs for gen- 
erating electricity occur only when the units are in use, the capitalization 
costs run continuously, whether the equipment is in use or not As a con- 
sequence, the price of electricity has to be high enough to pay off the idle 
equipment* 

The utilities try to minimize overall costs by deploying a mix of 
generating equipment* Large, fuel-efficient "base-load*' generators are 
installed to meet the electrical demand levels that occur most of the time. 
Typically, this capacity ml^t supply about 60 percent of the pedc load 
and be fully loaded about two-thirds of the time* Smaller, more flexible 
"intermediate-load'' units furnish an additional 20 percent or so of the 
peak demand load and are run at full capacity perhaps 30 percent of the 
time. The top 20 percent of the pe^ electrical demand is generally 
encountered no more than 30 percent of the time; special "pe^Joad'' 
units are employed to handle this load segment Since these peak-load 
generating units stand idle most of the time, a premium is placed on low 
capital costs rather than on high efHcienGy* Where possiblej older fossil- 
fuel units are used for pe^ loads, but low-cost modified aircraft gas- 
turbine'driven units are increasingly being installed for these purposes. 
Not only is the fuel eflBciency low for such units, but they generally require 
petroleum products (natural gas or oil) as fuels* 

The electrical capacity needed by the nation is expected to grow 
markedly in the decades ahead, Unless there are great shifts in consump- 
tion patterns, perhaps induced by changes in rate structures, the present 
disparities between peak and average demands will continue or even 
increase* Most of the added base-load capacity will be from coal-fired or 
nuclear-powered generators^ both of which are relatively eflBcient and use 
nonscarce fuels* These units will not be fully loaded around the clock, 
however, so they will contain a reservoir of unused energy capability. If 
38 satisfactory techniques can be developed to store electricity^ these units 

could be run continuously at full power ratings, and the energy in excess 
of instantaneous demands could be stored to meet part or all of the inter- 
mittent peak loads, thereby reducing or eliminating the need for the 
expansion of petroleum-fueled peak-load units* 

Such storage might be done at the generating sitej at distribution 



46 



STUDY PROJECTS 



substationi (which would also reduce the capital investment needed for 
peak-load transmission capacity), or at the load use center, i.e,, at the 
factory or tiie home. 

The storage might or might not be in the form of electricity. The 
principal^ thou^ limited^ current storage method is a form of electro- 
mechanical storage. Termed *'pumped storage," off-peak power runs elec- 
trieally driven water pumps to raise water to a higher storage reservoir. 
At peak-load conditions, this water is used to drive hydroeleetric genera- 
tors to meet the demand. Although there are net energy losses due to 
system inefficiencies, the lower capital costs and the higher utilisation of 
the base-load equipment make the system economically advantageous to 
the consumer. 

Other forms of electromechanical storage have been proposed and 
need further RarD investigation^ These Include underground hydroelectaric 
generators with surface storage of the water, storage of compressed air to 
drive turbogenerators, and storage of kinetic energy in large flywheels. 

Electrothermal storage may also become an important system, p^- 
ticularly for the user. In electrically heated homes, for example, the elec= 
tricity is currently consumed as needed. If suitable thermal storage sys- 
tems can be developed, it would be possible to consume electricity during 
the late night, off-peak periods to generate heat that could be stored and 
used throughout the day as needed. Similar long-term possibilities exist 
for air-conditioning, 

Electrochemical storage also holds promise. Off-peak electricity might 
ba used to electrolyze water into hydrogen and oxygen, which could be 
stored and then converted back into electricity in fuel cells during the 
peak-load periods. This technology might be the precursor of a *Tiydro- 
gen economy,*' in which the hydrogen could be used directly as fuel to 
replace petroleum products in many uses, 

Direct storage of electricity is also feasible. Advanced storage bat- 
teries are the subject of considerable r&d. Similar in concept to automobile 
storage batteries, utility batteries must have lifetimes of about 20 years 39 
and must be capable of 5,000 or more deep discharge cycles to be satis- 
factory. Farther into the future Is the possibility of direct electricity stor- 
age in superconducting magnets. Supercooled by liquid helium, such 
storage devices might have very large energy capacities. 

In addition to creating economic savings in an expanding electric 
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utility industry, the development of energy storage systems would shift 
a greater share of eleatriclty production to coal-flred or nuclear-powered 
base-load generating equipment, thereby substituting these relatively 
abundant fuels for the scarce oil and gas now consumed In peric4oad 
equipment. Additionally, the use of storage systems would level the load 
on the large base4oad generating equipment and reduce power cycling, 
which often causes control problems and, in the case of nuclear reactors, 
can reduce the lifetime of fuel elements. Furthermore, In the longer term, 
energy storage systems v^ill be essential to the viability of intermittent 
solar power sources and of the expensive fusion power systems, 

A primary objective of the nrc study of energy storage systems will 
be the development of guidance criteria that erpa will use In selecting the 
content and priority of its sponsored b&d activities. The principal bene- 
ficiaries of useful developments will be private electricity consumers, who 
will benefit if the advances are implemented by the largely private 
and generally nonfederal utilities and their suppliers, One of the basic 
program considerations^ therefore, will be the determination of the appro- 
priate conditions for erpa to sponsor and fund r&d that must be applied 
by the private sector to be useful A corollary consideration is how erda 
should conduct its h&d in order to maximize the probability that the 
results will be useful to and utilized by the private sector, Additionally, 
criteria for identifying the critical technical parameters requiring rm 
attention and for estimating the comparative benefits and costs of 
competitive concepts must receive consideration, 

Appropriate guidance criteria for such considerations will be neither 
simple nor universal. The criteria may be expected to vary, depending 
upon the state of the technology under investigation; the preliminary^ 
exploratory research on new concepts must be viewed quite differently 
from full-blown systems demonstration projects, In addition^ the charac- 
teristics of the anticipated user sector will influence the decision criteria, 
At one extreme, the utilities represent a highly aggregated industry with 
welUdeveloped technical and economic requirements. At the other ex- 
treme, the potential residential market for energy storage devices is highly 
disaggregated and relatively unsophisticated in evaluating technical and 
economic trade-offs, The technical nature of the energy storage system 
will also influence am decisions to some degree. Technologies that are 
unifiue to a speclflc application must be viewed differently from those that 
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have multiple potential uses. For example, although technical require- 
ments differ In detail, h&d on utility storage batteries must take into 
account BacD on, storage batteries for electric automobiles to be most 
eflFective. 

In addition to developing criteria for r&d project evaluation, the nrc 
study will survey the current state of the art in energy storage and will 
recommend broad program priorities for h&d, including the portion 
deemed suitable for government sponsorship. 

Committee on Advanced Energy Storage Systems^ Assembiy of Engi- 
neering. Chairninnj W. Kenneth DaviSj Bechtel Power Coloration; 
Staff dffleer, DeMarquis D. Wyntt, 



MINORITIES IN ENGINEERING 



"Engineering is the largest professional occupation for men in the 
employing more than a million persons/' according to a 1974 Sloan Foun- 
dation report on Mitwrities in Engineering. * That report made clear hovv^ 
limited is the participation of several American minorities— blacks, Chi- 
canos (Mexican-Americani), Puerto Ricans, and American Indians— in the 
engineering profession. These groups comprise liS percent of the UJ. 
population but less than 3 percent of all engineers and less than 5 percent 
of all engineering students. 

Bfiyond the numbers^ the missing minorities in engineering signify 
the de facta exclusion of an Important part of the American people from 
the technological mainstream of society* The costs are heavy. Engineering 
skills are indispensable to many Jobs, often vital to improved pay and 
advancement, and increasingly necessary to achievement of executive 
rank. 

In shorts engineering can be an effective entry point into a technologi- 
cal society* Why have minorities not used it? As the Sloan Foundation 41 
report and other studies have shown^ there are a multiplicity of barriers, 
some specific to engineering and others due to the general problems of 

* MimrHie& in Engim€rin^, A Blueprint for Action. A Report of the Planning Cammlision 
for Expanding Minority Opportunities in Engineering. The Alfred Sloan Foundation, New 
York, 1974. 
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minority participation in the profesiionsr poor education in elementary 
school and high school; economic praisures forcing early dropout; failure 
by teachers to recognize and encourage promising minority students; lan- 
guage difflculties for many Spanish-ipeaking and American Indian stu- 
dents; little advice to the minority student on where and how to apply to 
a school, and where to find support; and ignorance of the engineering 
profession and the particular opportunities it offers in work satisfaction, 
reward, and advancement. 

In 1973, the National Academy of Engineering organized a Sympo» 
slum on Increasing Minority Participation in Engineering. Within a year 
after the symposium^ the nae encouraged the creation of the National 
Advisory Council on Minorities in Engineering. This group— composed of 
members from the highest level of induitryj government, Qnd education— 
in turn seeded, through the provision of $300,000 by its industrial mem- 
berSj the Committee on Minorities in Engineering, initially within the nae 
and later within the Assembly of Engineering of the National Research 
Council 

The Committee quickly learned that while the lack of minorities in 
engineering is a national problem^ it is not amenable to a national pro- 
gram. Identifying and encouraging the promising black student In Detroit 
is a different task from helping the Puerto Rican in New York still trying 
to cope with English, Nor does the Navajo student in Arizona, with his 
cultural orientation and tribal values, respond in the same way to advice 
given the Chicano in Los Angeles or San Antonio. 

There are now several organizations working regionally and na- 
tionally to deal with the particular problems of particular minorities. The 
Committee on Minorities in Engineering has tried to help them by pro- 
viding needed data or pointing to likely sources of data; by helping to set 
enrollment goals; by assisting in gaining resources; and by helping groups 
working on the problem to know what others are doing— what things have 
worked, and what have not. 
42 The Committee has been a goad and guide to these organizations, 

many anxious to **do something/* but in danger of suffering the fate of 
Stephen LeacocVs horseman by riding off in all directions at once. The 
Committee has provided "role models'' for career days, has been a source 
of information, and has acted as an objective and knowledgeable assessor 
of progress and results. 
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Aiide from this 'central oflSce" role, the Committee has pappled with 
specific problemi. For instance, of the rnlnority itudents that do go on to 
collage^ a disproportionate number go to 2-year community colleges. And, 
lured by hi^ starting pay, many stop after 2 years, although they may 
have the ability to do advanced work In engineering and similar fields. 
But, in a credential-conscious society, lack of a dep^ee prevents si^iflcant 
advancement later. The Committee has looked at the problem and has 
evaluated transfer barriers, suggesting ways in which community eol- 
leges can identify and encourage the gifted student. 

In 1075, the Committee published a study. Building EffecHve Minof- 
ity Engineering Programs^ which includes statistical data on engineering 
enrollment among blacks, Spanish-speaking persons, and American In- 
diansi With the support of the Sloan Foundation, the Committee con- 
ceived the National Fund for Minority Engineering StudentSj an inde- 
pendent, nonprofit organization that provides scholarship aid from many 
sources, In June 1975, the Committee conducted a workshop for minority 
program inanagers at engineering schools and for guidance counselors 
and adrninistrators in secondary schools at which they exchanged ideas, 
approaches, and experiences, 

Comniitlee on Minorities in Engineering, Assembly of Engineering, 
Chainnan, Arthur C, Hansen of Purdue University^ Executive Dirao- 
tor, Melvin H. Thornpson, 
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The Assembly 
of Life Sciences: 
An Operational 
Definition 



The Assembly of Life Sciences (als) Is an extraordinary congerias of 
boards^ committees, Institutei, and short= and long-range programs whose 
origlnS'-^some recent and some In the distant past— include the Division 
of Medical Sciences and portions of the Divisions of Biology and Ap^icuU 
ture, Engineerings and Chemistry and Chemical Technology, 

A view of ones domain usually has two coinponentsi pointing with 
pride and viewing with alarm. In the Assembly of Life Sciences, we do not 
point widi pride at our iiie, which is enonnoui by any standard, whether 
judged by our share of the National Research Councirs seven thousand 
volunteers or by our annual budget. Our annual budget, approximately 
$15 million in 1975, is especially horrendous to an old-fashioned embry« 
ologist nice myself, some of whose recent experiments each cost less than 
$100* We do point with pride at the dedication, insist, and perception 
displayed by our human resources. I have been privileged to work with 
tiie Chairmen of the:Divisions of Medical Sciences and Biological Sci- 
ences, Paul Marks of Columbia University and Donald Kennedy of Stan- 
ford University, respectively, with a critical and eflFective Executive Com^ 
mlttee composed largely of members of the National Academy of Sciences 
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and die Institute of Medicine, and with an able staflE under the leadership 
of Thomas J* Kennedy, Jr* 

How does one describe such a far-flung domain? It seems to me that 
perhaps the most effective way of depicting the Assembly of Life Sciences 
is to guide you tiirou^ a sin^e meeting In die life of a member of our 
Executive Committee^ whether that member is — as the members are— a 
geneticist, a neurobiologistj an internist, a botanist, or an ecologlst* 

This "typical'' meeting opened with a consideration of the role of the 
Committee on Healtii Care Resources in the Veterani Administratioh (see 
page 52). The Veterans' Administration operates what is probably the 
world's largest health care delivery system, with a Fised Year 1976 budget 
of over $4 billion. If we are to have a national health care poUcy (and we 
are said to be seeking one), an analysis of the manner in which the Vet- 
erans' Administration conducts its business provides an interesting start- 
ing point J to say the least. This Committee is attempting to understand 
the several roles being played by the Vetermis' Administration in the 
health care enterprise, to determine the cost eflEectiveness with which the 
Department of Medicine and Surgery of the Veterans' Administration is 
carrying out its mission^ and to evaluate the adequacy of the staff and the 
quality of health care being delivered. The Executive Coffimittee of our 
Assembly was asked to review the work of the Committee, which is 
chaired by Saul J. Farber, and to determine whether the proposed budget 
of $6.5 million would be sufiBcient to carry out a task of tiiis magnitude. 
That was the opening assignment for the day. 

In conjunction with that discussion, the Executive Committee also 
briefly reviewed the work of a related committee that was asiessing the 
quality of biomedical research in the Veterans' Administration* 

The ALs Executive Committee next turned its attention to the report 
of the Visiting Committee to the Committee on Prosthetics Research and 
Development (cprd). One of the long-standing and signiflcant activities of 
the Division of Medical Sciences, cphd brought together physicians and 
46 engineers concerned with the problems of the nation's handicapped. As 

so often happens with long-standing organizations, questions have been 
raised— questions not of the importance of continuing aid to the handi- 
capped, but of whether the problems have grown lo complex that our 
administrative structures are no longer competent to deal with them, 

After that discussion, the Executive Committee took up a request 
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froin the Occiipatioiial Safety and Healtli Adinlnistratlon (osha) to work 
closely with It and with the National Cancer Institute in a pro-am di- 
signed to look into the ierious questiori of low to educate workers about 
cancers aming from occupational hazards — e.g., vinyl chloride, benzene^ 
and asbestos. 

We then reviewed the Toxicology Information Program^ In which the 
National Library of Medicine, with advice froni an als committee, pro- 
vides institutions in the United States— thfough an organization called 
TOJCHNE— with iip=to-date information on the identiflcatlon of chemicals 
that may have important toxicologic coniequences, 

The Committee then turned its atteiitlon to the Institutional Differ- 
ences Study. This study, completed in 1975, suggests what to many of us 
is a frightening thoughti that there are widespread dlflFerences in the 
quality of surgical care throughout the United States. Are our chances for 
survival and for a happy outcome of a given surgical procedure lubstan- 
tially better in one institution than in anotherP Is the magnitude of the 
diflferance larger than any of us have siisjiected? 

W© turned next to a consideration of the nature of the Asiembly of 
Life Sciences itself, The Assembly of Life Sciences has no ^'membership*' 
in the usual sense of "a gathering of personi for deliberation and legisla- 
tion,*' apart from the Executive Committee, Tliere is no larger ^Voting 
body J' We have developed a network of gorrespoiidlng societies, and we 
puhlish a newsletter, Lifelinm^ available on request. We were concemad, 
however, that the Executive Committae of our Assembly may not fully 
represant the nation's younger scientists— that there is insufiScient Involve- 
ment of younger investigators and teacheo in the activities of the National 
Research Council, 

We see what we are conditioned to see. In the foie-word to Between 
Pacific Tides John Steinbeck put it most elociuently i *There is in our com- 
munity an elderly painter of seascapes who knows the sea so well that ha 
no longer goes to look at it when he paints, He dislikes Intensely the work 
of a young painter who sets his easel on the beach and paints things his 47 
elder does not remember having seeii/' The Executive Committee is 
attempting to develop a panel of consultanti—a network of dedicated and 
hl^ly competent advisors aniong the youtigef members of the scientific 
community. 

We then turned to a consideration of a number of proposals from the 
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Food and Nutrition Board on the role of nutrition In dental health, nutri* 
tioii and iinmiiTiity, and other subjects* 

The EKecutivf Committee next looked at a proposal from the Bureau 
of Radiological Health. Questions occasinnally come to us that noninedi- 
cal persons like myself think naust have been answered at least a decade 
ago, In the diiaussion it emerged that some medical practitioners have not 
heeded earlier earnings of tlie unhappy consequencei of radiation and 
are still using radiation teehnlques for the treatment of relatively benign 
conditions, The National Research Council has been called upon, thrbu^ 
its Assembly of Life Sciences, to reexamine the question, I thirjc the icien- 
tiflc answers 'will not be any different from those of a decade ago, But 
perhaps, if the question is restated and the answeri are directed through 
new channels^ another audience v^ill be reached and the problem maybe 
alleviated, 

We then took ourselves into a dlicussion of problems of pesticides 
and to:sicology, a large and nebulous field, one in v^hich relatively fe\v 
practitioners define themselves as **toxicologisti'' in the strict sense, We 
find it e?ctraordinarily difflcult to bring to bear on such problems the 
expertise that they so often require. For example, we have eonstittited a 
major connmittee (a visiting committeej in a sense) to examine the National 
Center for To^dcological Research. 

We then reviewed a subject that, in my vieWj was one of our most 
exciting during 1975— the study of recombinant dna molecules, a program 
Organized under the direction of Paul Berg and David Baltimore to deal 
with the potential biohazards arising from the new-found capacity to 
cheniically couple dkas from diflFerent species. The possibilities exist that 
one may insert into the genome of a common bacterium like E, coH, which 
all of us carTy with us at all times, the dn^a of a foreign type— as exotic as 
the DNA of the clawed toad Xenopm laevls or, more fri^tening, the enta 
of a tumor virus. These techniques^ which introduce new and strange 
fonns of DMA into biology, place us in an area with many unknowns, The 
48 evaluation of bioliazards is extremely difficult. The participants at the 

conference agreed that most of the work on conitructing recombinant 
molecules should proceed, provided appropriate safeguards are employedj 
but that eertaiii *'high risk" experiments ought not to be done until we 
know that they are less hazardous than we now suspect or until better 
containinent facilities are available, (The Asilomar guidelines have been 
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thoroiighly discussed and revised iince the conference, Nevertheless, this 
extraordinary gathering illustrated that the scientiflc conimiinity is in- 
creasingly prepared to police itself and to Interact with other seginerits of 
society in examining hazards of biological and biomedical techniques.) 

We than moved to a question raised by one of our corresponding 
societies; the threat to research in many biological fields, owing to the 
intensive harvesting, by both American and foreign flshermen, of common 
marine animals. The squid^ used In neuroblological research for several 
decadeSj is rapidly disappearing froin the shores of New En^andj and we 
still do not understand how^ to cultivate it in captivity. Yet squid are 
being harvested for food in enormous numbers by factory ships Just as 
fish are, On the West Coastj the same thing is happening to the sea urchin. 
If we are to preserve these resourceSj we must take early action. 

Similar problems are being met with many vertebrates of research im- 
portanc€j including not only a nuniber of species of wild prinnates but 
even so mundane an animal as the common grass frog, And the availabil- 
ity of wild-caiight organ isnis as experimental material is only part of the 
problem. We need to broaden and to improve our facilities for maintain- 
ing germ-plasin resources and genetic stocksj stocks of microorganisms^ of 
aninial cells in culture, of cultivated and wild plants, and of a variety of 
laboratory mammals. A significant part of the future activity of the Di- 
vision of Biological Scieiices will be devoted to an exainination of these 
resource problenis. 

This recital is not simply a form of * show and tellj" nor is it designed 
to demonstrate the remarkable capacity^ versatility, and wisdom of the 
Executive Committee. It is designed to point up what I consider the 
awesome responsibilities of this Executive Committee— indeed, of all 
the Assemblies and Commissions. In that one meeting, this group had to 
consider as part of its responsibility the wise expenditure of some ten 
million dollars. It had to consider the development of programs that in the 
long run will have a profound impact on the health and safety of all of 
us. It considered programs that will affect the breadth and depth and 49 
health of the scientific enterprise— such as the symposium on dkta recom- 
binants— and, flnallyj the Committee's deliberations have had a profound 
effect on substantial segments of American industry, especially those 
dealing with foods and with drugs, 

Against this background, let me point up four problems that my 
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aolleagues and I see loorniiig ahead; perhaps, to some degree, these repre- 
sent problemg faced by all of us within the National Reiearch Council. 

Firsts we need to be more active in initiating our own proposals, 
while continuing to be respDnsive to the initiatives of others, We have 
been less active, I thinfe, than we should be in our own Assembly, in part 
because the characterlitlcs of problems with which we muit deal have not 
yet been clearly delineated. To that end, all members of the scientiflc 
community are potentlEd contributors, and we welcome suggestions, It 
seems to us that the Assembly of Life Sciences perfornis best, most ef- 
fectively, when It deals with problems in which the key issues require 
debate and balanced consideration by a selected group of icientists pool- 
ing their insights and experiences in arriving at judgments. The common 
mechanisms are committees^ workshops, and symposia, Ideally, the issues 
at stake are best handled when they are essentially scientific. Our own 
Assembly seems to me to have functioned uniquely well when the hlstoryi 
the strength, and the reputation of the National Research Council were 
essential in enlisting the participation of persons whose knowledge was 
required. In shorty we perform best when the committee, in the broad 
and best sense of that term, is the key element in the work. 

Second, a number of forces whose inipact is perhaps inescapable 
today are conspiring to make far more difficult the achievement of stan- 
dards of excellence that all of us hope will epitomize the activities of the 
National Research CoiinciL The demands on the time and energies of 
the nation's best, or at least its best-known, scientists are bnital and, to the 
extent that these scientists are overworked, their productivity is bound to 
suflFer, To this end, we must limit our programs to problems of signifl- 
cance, lest rare talents be diverted to second-order issues; the reduction 
in demand on scientists of the first rank should enable them to function 
more eflFectively, We must make It a deliberate policy to seek new and 
untried talent, and we enlist aid in that effort. 

Third, I come to one of our most diflBcult problems; We are beginning 
.50 to accrue a substantial number of large-scale projects, like the study of 

health care delivery^ in the '^'eterans' Administration, that are by their 
nature staff-intemiye, rather than committee-intensive, I am not sure that 
we are going to he able to handle these as well as we would like to within 
the traditional mochis operantli of the Academies. These projects demand 
short response times, and thus it is difficult to build up a highly qualifled 



58 



AN OPEHATIONAL DEFINlflON 



Staff of the size that one needs to deal with a six- to seven-million-dollar 
project. In the short experience^ now niore than 2 years, of our Executive 
Comniittee, we sense that our eflFectiveness is most seriously challenged 
when the scientiflo issues are difficult to separate from the political Jggueip 
when there is need for a prompt response^ and when the response needed 
is a direct exchange of opinion, that is, advice given face-to-face with an 
agency or a congressman, When the project involves a large amount of 
data-handling or information-gathering, we tend to have limitations. 

FinMy, the decision still hangs in the balance on the propriety and 
the wisdom of maintainuig within these halls specific functions and re- 
sponsibilities over long periods— I mean several decades—as is true of 
some of our activities. One of the earliest decisions of our Executive Com- 
mittee was to constitute visiting committees to review long-standing 
operations, like the Committee on Prosthetics Research and Develop- 
ment, the Advisory Center on Toxicology, and the Drug Research Board, 
This yearj visiting committees will be constituted to look at the Food and 
Nutrition Board and the Institute of Laboratory Animal Resources. It is 
alraady clear that the visiting committees have made, or will soon make, 
reuommendations for major changes, some of which have already been 
accepted and are being implemented. In the course of these examinations, 
the extent to which originally desirable and well-understood functions 
can beconie transformed has been striking and has emphasiEed the im- 
portance of thorough periodic review and ree valuation. 

AH in all, I think the Assembly, still young, is growing in competence, 
modulated by aspirations to high quality and struggling to attain and 
sustain standards of excellence, 

James D, Ebebt 
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HEALTH CARE RESOURCES IN THE VETERANS^ 
ADMINISTRATION 



Public Law 93^82, which was signed by the President on August 2, 1973, 
includes a provision that requires the Admiiilstrator of Veterans Affairs 
to Mgotiate an agreement with the National Academy of Sciences under 
whidi 

such Academy (utilizing its full sources and expertise) will conduct an 
extensive ruview and appraisal of personnel and other resource require- 
ments in Veterans Administration hospitalSp clinics, and other medical facili- 
ties to determine a basis for the optimum numbers and categories of such 
personnel and other resources neaded to ensure the provision to eUgible 
vetmins of high quality care in all hospital, medical, domiciliary, and nurs- 
ing home facilities. 

Tha Academy entered into such an agreement in November 1973, and the 
contract requires the Academy to deliver its report to the Congreis in 
Navember 1976. 

The study is budgeted at $6 miriion, which makes it one of the largest 
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ever undertaken under Aeadem)^ auspices. It is policy oriented and is 
intended to provide a basis for public policy decisions on the changing 
role of the va hospital system and the resources required to carry out this 
yole. The va health care system was developed at a time when the federal 
government had only marginal responsibilities for health care for the 
general population. In the last 10 years, the federal role In health care 
has grown enormously ^ and it is likely to continue to grow rapidly. The 
problem of modifying the role of the va medical system in the most 
appropriate and realistic way^ within an expanding federal role in health 
care, poses a series of complex questions that the study will try to answer. 

The VA health care syitenni is a unique enterprise. It now includes 171 
hospitals with about 95^000 beds and has a fiscal year 1976 budget of over 
$4 billion. It discharged about I rnllllon inpatients and processed ap- 
proximately 15 million outpatient visits in 1974 in its own facilities and 
contracted for substantial amounts of additional services in non-vA fa- 
cilities. Eighty^nine medical schools have afflllation agreements with 109 
Va hospitals, About 50 of these afiRliations are extenslvej involving sub- 
stantial patient care responsibilities by medical school faculty and clinical 
training of medical students and residents in va hospitals. Thousands of 
health professional students are trained in va facilities every year. A very 
substantial fraction of all residents in medicine, surgery^ and psychiatry 
receive at least part of their training in va hospitals. 

There are 29 million veterans In the United States: 14 million are 
World War II veterans whose median age is over 55, 1 million are World 
War I veterans, and the balance are yoimger. Over 40 percent of all males 
18 years of age or older are veterans. The provisions of law have gradually 
been broadened—particularly since World War II, although the process 
actually started in 1924™to permit the use of va facilities by veterans 
who do not have service-connected disabilities but who need medical help 
and cannot afford to pay for it. At present ^ the eligibility laws are such 
that essentially any veteran who needs medical care from the va can apply 
for such care and obtain it (on a space-available basis) merely by signing 53 
a statement that he cannot afford to pay for it, By law, there is no means 
test. 

ThuSj while the va hospital system was established primarily to pro- 
vide health care to veterans with service-connected disabilities, 85 percent 
of the care actually provided is for noii'Service-aonnected health problems* 
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The growth of the va hospital system, the exteniive afflUation rela- 
tionships, and the fact that some 170,000 people are employed by the 
system have all given the va Department of Medicine and Surgery very 
substantial political support. The department grew up and assumed its 
present form during a period when the federal role in and responsibilities 
for health care of tha general iMiblic were very limited. Before 1060 the 
federal health role was essentially to provide health care for a relatively 
h'niall number of federal beneflciaries such as Indians, merchant saamenj 
LUid members of the uniformed services; to provide matching grants for 
construction of community hospitals- and to support biomedical research 
and training. Since then, and particularly with the passage of Medicare 
and Medicaid in federal responsibilities for health care have grown 
enormously, In 1974, of approximately $105 billion spent on health in the 
United States, some $40 billion flowed from federal coffers, Thus, it is clear 
that the va health care system— a miniature National Health Service op- 
erated for the benefit of veterans— must be viewed in the context of the 
overall federal resportsibilities for health care. This is particularly true 
with regard to the issues of access to health care and of the costs and effec- 
tiveness of such care, which are in the forefront of the current public 
policy debate in the health flekl 

With some form of national health insurance likely to be enacted into 
law in the next few years, these questions assume even greater urgency. 
The Congress, in requesting this study, clearly had these issues very much 
in mind, As the country forges new health policies affecting the people 
as a whole, the role of the va and the resources required to discharge this 
role effectively can no longer be viewed as a problem unrelated to that 
of the broader federaJ role in health. Both the emergent national health 
insurance and the changing role of the %^A'i Department of Medicine and 
Surgery will involve efforts to rationalize and improve the efficiency of 
resources devoted to health care and to establish controls on the costs and 
quality of health care provided. Legisktion recognizing the potential 
54 relationships has already been enacted, For example, legislation authorize 

ing the va to train health manpower to meet the general requirements of 
the country— not just of the va health care system— has been on the books 
for some time; however, there is no mechanism available to the va that 
enables it to allocate its resources for training in a way that would 
rationally relate the va s activities to the country's needs. Similarly, au= 
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thority to share va resources with those of the community for certain 
speciaUzed medical services exists^ and some sharing arrangements have 
been worked out with community resources under which the va provides 
services to nonveterans and utilizes non-VA facilities in the community 
for veterans. Furthermore, in 1974 the va was authorized to accept reim- 
bursement for provision of heinodialysis and kidney transplantation 
services to nonveterans, 

Thus, it is clearly not possible to respond to the congressional charge 
without addressing the issue of the future role of the va (after national 
health insurance is adopted), since the resources required to discharge the 
va mission will clearly depend on the de facto and de jure roles the va will 
be called upon to play. 

The type of services demanded of the va systems in the next 10 to 15 
years will be shaped by at least three somewhat contradictory factors: 
national health insurance, which, if enacted, would provide access to 
community facilities for at least some of the current users of the va acute 
medical and surgical services, and hence a reduced demand for such 
services In va hospitals; a probable steadily increased demand on the 
system for geriatric care by the 15 million World War I and World War 11 
veterans; and a probable demand for a wider variety of va services— 
particularly ambulatory care~as facilities in non^VA hospitals are over- 
taxed. 

These likely changes and the others— availability to the general 
population of necessary health services, a strong governmental role in 
controlling the costs and ciuality of health care, and continuing concern 
with the perceived inadequacies of health care such as the maldistribution 
of resources—will inevitably change the role of the va's Department of 
Medicine and Surgery. The policies affected will probably be those con- 
cerned with: 

Determining the optimum amounts and distribution of staflF and 
other resources for the va health care system 

The management airangements and procedures governing the sys- 
tem's operations 

Ehgibility 

Relationship of va facilities and resources to the non-federal facilities 
and resources of the communities in which va hospitals are located 
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The NBC Study is designed to provide information that can be used 
to formulate pQliales in these areas, The study is inherently a complex and 
niany-faceted one, Involving extensive data gathering and fleld interviews, 
The study will include the following elements • 

L A series of cross-sectional studies focused on access, utilisation, 
and quality of care in a sample of va hospitals, Data will be obtained 
from analysis of patient records, from Interviews with patients, and from 
applicants for care as well as from va staff, 

2. Studies of hospital stafflng ( including nursing, dentistry, psychi- 
atry, and allied health and support occupations) and the quality of nursing 
care in acute bed sections of va hospitals, 

3. A survey of a sample of all veterans living in six va hospital "catch- 
ment areas,'* regional territories often cutting across state lines. The survey 
will gather data on the use of va hospitals by a representative population 
of veterans and on their use of non-VA health care facilities. 

4. A survey of va staff to ascertain their views on a number of key 
issues. 

5. A survey of medical schools aflBliated with va hospitals. Since 
World War II, most new hospitals built by the va and others in urban 
settings have had teaching affiliations with medical schools; this relation- 
ship Is affected by the degree of dependency between the va hospitals 
and the medical schools. 

6. Study of va dental care, This is an Intensive revlevv^ to determine 
the extent of dental care and the availability of prosthetic services for 
dental injuries and defects. 

7. Study of ambulatory/ outpatient care. Recent legislation and di- 
rectives have increased ambulatory/ outpatient care in many va hospitals; 
this study will use site visits to obtain data on facilities and patients' 
experiences. 

8. Utilization and cost studies. These involve an analysis of length of 
56 stay in va hospitals, an analysis of manpower costs in va hospitals, and a 

longitudinal study of selected va patients. 

9. Study of potential relationships between va and noii-vA hospitals, 
The potential for sharing certain selected, specialized medical services 
with community hospitals will be studied. 

10. Long-term-care study. This study will include data gathered 
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from site visits to domlciliaries, nursing-care units and homeSj Btid inter- 
mediate-care sectionSp 

11, Evaluation of rehabilitation medicine. Rehabilitation inadicine, 
iiidiiding spinal cord injury and prosthetic services, will be studted in a 
selected group of hospitals. 

Committee on Health Care Resourceg in_ the Veterans Admiiii^lralion, 
Assembly of Lifu Sciences. Chaimmn, Dr, Saul J, Farber q£ the New 
Vovk University School of Medicine; Study Direetor* David Tii%Qm 



MEDICAL FOLLOW-UP: TWIN REGISTRY AND 
PHENATAL X-RAY 



TWIN REGISTRY 

The study of twins to unravel the mingled influence" of gerietla and 
environment in shaping health and fortune was first suggested Bhowt 100 
years ago, Francis Galtonj Charles Darv^in's grandson and a foiinder of 
modern statistics, described the potential value of tv^in study in his 
book The History of Twins as a Criterian of tfw Rdattve Powen' of Nature 
and Nurture (1875). Since then, there have been a profusion of twin 
studies, ranging in size from reports on one twin pair to the reglstraHon of 
a nation's entire twin population. 

The underlying idea in twin studies is that since identical twins have 
identical genes, any differences between twins in health and achievement 
are due to environmental differences and chance, Fraternal twins ^hare 
in common only half their genes; thus, if their medical histories differ 
more than those of identical twinSj the extra variation can be a$cribfid to 
genetic differences. 37 

However, the results of twin studies must be carefully applJed and 
interpreted. For example, the fact that the same cancer shows up m two 
identical twins at the same time Is not proof of a genetic etiology; pierhaps 
they shared a common "item of experience" that caused the cancer. 
Comparative data on fraternal and Identical twins can, according to a 
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World Health Organization (who) report on twin stiidte,'^ "do no more 
than to draw attention to the presumptive Importance of genetic factors/' 
Further, twins differ in a number of ways from single births. As the who 
report emphasizedj twins 

develop in a uterus primarily adapted to the nourishment of a single fetus, 
They are usually less mature at birth when they are exposed to increased 
risk of obstetric complication, If both survive, dieir dwdopment may be 
impaired by diflBculties in lactation. Theii' upbringing is unusual, m it is shared 
by a sib of their own age, and they are known to have an tacreased mortality 
in childhood. 

Thus, twins are a biologically selected group, not necessarily representa- 
tive of the general population, An additional weakness ol many twin 
studies is that the subjects are often children. They are isasier to find than 
adults, records are usually more detailed, and they^or their parents- 
are more cooperative and generally more willing to put up with the 
puzzling demands of a researcher. But many of the "nature and nurture" 
questions now being asked center on chronic diseasaa-^mallgnancies, 
cardiovascular disease, and other degenerative disea^es^that do not 
appear until middle age, Moreover, study of these diseases requires a 
large population if there are to be enough occurrences a£ diffarent diseases 
for analysis by age of occurrence, antecedent events, and so on. 

It was the need for such a resource—a large population of adult 
twins— that led to the organization in the late 1950s of the Twin Registry 
by the Medical Follow-up Agency of the National Easswch Council. 
Today, the Registry has the names and records of 16,000 male twin pairs, 
all World War II veterans 49 to .59 years old, The Registry has been and 
is being used to address a wide range of problems, froti> the genetics of 
migraine headaches to the varying eflects of genetins mA experience on 
earning diflFerences between individuals, 

The Twin Registry was established by obtaining tha namss of white 
male twins born between 1917 and 1927 from birth records in local vital 
58 statistics offices. The names were then searched through the Veterans' 

Administration Master Index, which contains the records of virtually all 
World War II veterans. Birth certificates for 54,000 twiu pairs were found 

' World Health Ofganizatioii. 1966. The use of twins in epjdemiologiP^l studies. Acta Genet. 
Nletl 15(2):109^128. 
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in the vital statisHcs offices, and the records of 16,000 of iHese were found 
in the VA files, because both memberg had been in mjlitary service. 

But which p»irs were identical and which fratfcmalP Fingerprints, 
obtained from m\ files, were not conclusive, unless Imjittressed by other 
information, Bloud group matching was an almost certain indicator^ but 
impracticable for 32,000 twins. It turned out that the most efficient 
method was simply to mh the twins: e.g*, "When grovraig up were you 
alike as two peas m a pod, or did you have a famriy Ukeness onlyp'' The 
error using that $ott of question— as checked by serological tests on a 
sample of twins-^was about 4 percent^ or considerably better than the 13 
percent error rata with fingerprints and other phyiici^l traits. About 44 
percent of the 11,510 twin pairs classifled to date are idantieal 

The men wlio are included in the Registry—beyond the biological 
differences in twins recounted earlier— are not a representative sample of 
the U.S. male population: All of the men were selected by the admission 
processes of the military services in World War 11^ which, for example, 
excluded men who had tuberculosis^ rheumatic hvm, diabetes or other 
chronic diseases, Nevertheless, the Registry is a unique resaurce for human 
genetic studies—pairs of men, some with identical $mm and some sharing 
only half, for whoin military records have been reviewed and for whom 
both mortality e^cperlenca and va hospitalizations cw be retrieved rou- 
tinely by computer searches. 

Since 1966, investigators, upon approval of th^ir proposals by the 
NBC Medical Fonow-up Agency, have used the Twiu Registry^ either 
analyzing the iiiformation in files and on computer tapes or, in many ^ 
cases, doing studies directly with selected twin pairs. The diversity of 
research, as expected, has been great. The Registry ha^ been used to in- 
vestigate differences in respiratory and coronary symptom' between smok- 
ing and nonsmoUng twins, genetic influences in various psychoses, the 
relative importance of heredity and environment In psoriasis and atopic 
dermatitis, and tJie genetics and epidemiology of coronary heart disease. 

Direct work with twin pairs helped show that hwdity has little or 59 
nothing to do with a medical curiosity: an increase Irs Internal eye pressure 
of some people upon topical application of glucocortioosteroids, such as 
cortisone. And about 2,500 pairs who responded tto a questionnaire, as 
well as the military recordi of some 1,000 twin pairs who served in the 
U.S. Navy, are being used in an effort to sort out the relative contribution 
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of genetic traits, abilities, family striicture during uliildhoodj schooling, 
and othar factors on later differences in earnings between twins. 

I*HKNATAL K-HAVS 

The Twin Registry is basically a tool for prospective studies, offering a 
known base that iindergoes changes in time that can be tracked. A retro- 
spective study is exemplifled l)y the Medical Follow-up Agency's current 
investigation of the relationship of prenatal x-rays to childhood cancer, 
including leukemia. 

The first published report that abdominal x-rays of pregnant women 
appeared to cause an excess of cancers among the children who had bean 
exposed prenatally appeared in 1956. Since then, results of several other 
studies have been published, some conflrming the original reportj some 
failing to confirm it, and some producing very puzzling data. For example, 
an early study at Oxford University showed an association of premarriage 
and prenatal x-rays with childhood cancers but not of x-rays between 
the time of marriage and pregnancy; a Baltimore study found a slgniflcant 
relationship of prenatal x-rays to sul)sequent mortality from varicms causes 
(including accidents) in white children, but not in black children. Some 
of these and other results have been partly ascribed to the hazards of de- 
pending on the mother to remember her x-ray history during her preg- 
nancy and to the statistical fact thaf prenatal x-rays are more likely to be 
done in first pregnancies or m'lIllMlc nirths or on women coming from 
particular socioeconomic milieus. 

One way to minimize some of these problems is to conduct a study 
based on medical records, not n interview and recall, of mothers who 
were all cared for during tho^' pregnancies in a uniform medical systann, 
Those criteria fit mothers c? ^ iildren born in military hospitals. 

The names of children who died of cancer when they were 1.5 years 
of age or younger were on computer tapes of the National Cancer Insti- 
60 tute. Those who had been born in military hospitals were identified from 

birth certificates on file at the various local vital statistics oflSces, Once the 
names of the children and of the military hospitals in which they had been 
born were known, the hospital records could be obtained. In this way, 
re(;Ords were found for 1,044 children who died of cancer. Records for 
2,088 controls were obtained from the same hospitals. By fall 1975, all 
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medlciil recoidj had been abstracted, cocled, aiid stored on computer tape, 
ready for aiialysls, 

What will emirge is verifiable infontiatloii about certain environ- 
mental and biological factors of possible Importaiice in the etiology of 
childhood cancers. 

Medical Follow-up AKinc^* Di^fision of Medical Sciences* Assembly of 
Life Sciences. Director, Gilbert W, Bcebe; Associate Director SeyTnour 
Jablon, 



BOARD ON MATERNAL, CHILD, AND 
FAMILY HEALTH RESEAECH 



In Deceniber 1974 the Assembly of Life Sciencei establlslied the 
Board on Maternal, Child, and Family Health Eesearch to study the long'' 
ternn effects of developmental processes on the health of the people of tha 
United States, The Board has the following functions- 

1. To identify continiially the health iieeds of young persons ( inf antSj 
eViildren^ and adolescents), viewing them as potential parents 

2. To extract material oii a continiiiiig basis from research reports 
and national health statistics Un (a) help ideiitify matemah child^ and 
family health needs; and (b) siiggest priorities for improving maternal, 
child, and family health 

3. To maintain broad siirveillajioe of the private and public policies 
and practices that influence rnaternal, chlld^ aiid family health care and 
research and to provide a foriim for discussion and study of change 

4. To help direct public and private resources toward a coherent 
national effort on behalf of maternal^ child^ and family health 

The Board is multidisciplinary and includes mennbers from the flelds 
of behavioral psychology, child developraent, genetics^ internal medicine, 
)cLw^ midwifery^ obstetrics, pediatrics, psychiatry, and sociology. Through 
its inemhers, consultants, and staff, the Board will maintain a general 
knowledge and establish studies of pregnancy and the perinatal period; 
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genetic disorders and congenital malfonnations; diseases and disease pat- 
terns; and developniental pharmacology Bud the use of medicd uistra- 
inentatioii or devices* 

The new Board inherited the existing Committee on Phototherapy in 
the Newborn, That Comniittee was eharged with evaluating the iafety 
and eflScacy of the use of light energy in treating human diieasej, and its 
chief conceiTi was thfr use of photo to treat hyperbilirubiiieniia in 

newborn Inf anti. The Conninittee produced a Prelimiiiary Report, a Final 
Eaport^ and a book entitled Phototh&mpy in the Newhom' An Overview, 
^hich is a seleetion of papers preiented at a iyniposiuin in Fehma^Tjc 1973 
and additional papers prepared by various members of the Cc^mniittee, 

A secoiid activity inherited by the Board was the Cominittea for the 
Study of Inborn Errors of Metaboliim, That Commilte was established 
to develop an efiective prograiii for dealing with inborn errors of metabo- 
lism as a single and ideritiflable but multifaceted risalth probleni of 
national importance, The Cominittee was aiJced to examine the origmSj 
historys and current standing of screening for phenylkatonufia (pku) and 
the effectiveiiess of pku treatment and to extend its pun/iaw to encompass 
soreening for other genetic diseases and characteristics. This latter charge 
was interpreted broadly to iiiclude a study of the relationship of genetics 
to preventive medicine* The committee has completed its charge and in 
1975 produced a flnal report entitled Cemtic Screening: Progratns^ Pdn- 
ciple^, and Researclu Two sections of the report were excerpted and 
printecl in a pamphlet^ Cenetic ScreetUng: Procedural Guidance end 
Eecommmilaiians, A third pubHeatlon^ Genetic Screening: A Study of the 
Kmmledge cmd Attitudes of PhyHciam, reports on the results of a study 
coil due ted iiiidei' the aegis of the Committee, 

The Committee for a Study for Evaluation of Testing for Cystic 
Fibrosis is the third activity inherited by the Board on Maternal, Childj 
and Fainily Health Research, That Conimittee was asked to study the 
foliowiiig aspects of cystic flbrosiSj of both practical and theoratical 
62 iinportance: 

I Tli& reliability of the data on 'cystic flbroiis factors'Mn serum and 
in tissue-culture fibroblasts with respect to the diagnosis of cystic flhrosis 
ill the hornozygote and heterozygote in intrauterine life, infancy, and' 
childhood rj a 
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2p The ev^aluation of the ciliotoxic factor in serum and in tissue- 
cultura media as a diagnostic tool 

3. The evaluation of the various screening tests for cystic flbrosis in 
the newborn that have been propcsed, both in this country and abroad^ 
but about which there is considerable controversy 

4* The evaluation of the "sweat test," which is not being perfonned 
properly in most hospitali throughout this country, leading to many errors 
in dia^osis, both positive and negative 

The CoiTiinittee for a Study for Evaluation of Testing for Cystic 
Fibrosis has finished its work^ aiid its Firial Report is to be published in 
April 1976, 

In addition to overseeing the three established activities, the Board 
on Maternal, Child, and Family Health Research has initiated two new 
committees, The first is the Committee on Maternd and Child Health 
Eesaarchj .and its charge is consistent with all four functions of the Board. 
Funded by the National Institute of Child Health and Human Develop- 
riient of the National Institutes of Health, the Conimittee is conducting 
a study aiid review of research and research training programs in maternal 
and child health supported by the health component of the Department 
of Health j Education, and Welfare* The study will include research and 
research training programs, funded over the past 3 to 5 years, whose object 
is the improvenient of the health of inothers and children. The purpose 
of the study is to identify gaps in research on niaternal and child health 
and to reconimiend priorities and directions for future research tliat will 
enable the National Institute of Child Health and Human Development 
to carry out its charge, The Committee is niultidiscipllnary. Special atten- 
tion is being giveii to researcli in endocrinology^ genetics, human embryol- 
ogy and devalopment, and reproductive biology. 

The second new Board activity is the Committee on Implications of 
Declining Pediatric Hospitalization Rates. While little information is avaiL 
able regarding pediatric hospital bed occupancy rates, they appear to be 63 
both lower than rates for the general hospital population and decHning, 
Low bed occupancy rates in pediatric wards have important implications 
for the organization and delivery of health services for children, Low rates 
may also affect the quality and cost of care and the quality of training for 
residents. The Committee on Iriiplications of Declining Pediatric Hos- 

n 
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pitalizatioii Rates will review current knowledge of the problem^ provide 
suggestions for improving the recording of data on pediatric hospitaliia* 
tion rates, ancl recommend ways to plan for more effective utilization of 
available clinical resources for both inpatient and outpatient pediatric 
care. The Committee Is funded by the Bureau ol Community Health 
Services, Department of Health, Education, and Welfare. 

Boif(^ m Maternal, Child, and Family Health Besearch. Division of 
Mocj .al Sciences, Asiembly of Life Sdencas, Board Chairmani Alfred 
G, Frmdsoiij Jr.* of the tJniversily of Texas Healtii Sciences Center; 
Eycficutive DirectOfj Artemii P. Siinopouloi. 
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Acting Cftatrman (December 1974 through May 1975), Assembly 
of Eiqhavioral and Social Sciences 



Assembly of Behmioral 
md Social Sciences 



6 



Social Issues 
and 

Social Research 



If we used the Chinese calendar, 1974 would have been the Year of the 
Lawyer and 1975 the Year of the Economist; both subjects are represented 
in the work of the Assembly of Behavioral and Social Sciences, While such 
intellectual aggrandizement is usually met with stout resistance^ I found 
that my natural science and engineering colleagues were happy to give 
us the responsibility for these years. But 1974 and 197S were not totally 
without redeeming features. Events during those and earlier years dem- 
oustrated society *s need for answers to many social questions and sparked 
social experlmentSj new theories, and new analyses^ — all in an atmosphere 
of discovery and excitement normal to periods of iconoclasm. 

The inadequacies of the older theories of the social and behavioral 
sciences include too little atteritioii to the actual behavior of individuals, 
a negleet of dynamics (since comparative statics seemed to be adequate), 
and a poor data base analyzed Inadequately. 

The 1974-75 recession-inflation is m eKemplary case. Almost two 
hundred years ago^ Thomas Malthus and David Rlcardo debated whether 
depressions and unemployment were interesting questions for economics, 
Malthus pointed to the resulting hardships and widespread interest in 
these phenomena; Ricardo arped, from the viewpoint of comparative 
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Statics (the set of tools then available), that depression was but a brief 
interlude in the passage from one equilibrium to anotiier, Ricardo "won, 
as generally happens when current methods are not adequate to han- 
dle real problems, EcOTomists did not seriously examine depression until 
the I93OS5 when J. Keynes developed a comparative statics model that 
apparently had a high unemployment equilibrium. Whether or not the 
model performed as elaimed, Keynes' Generd Theory of Employments 
Interest^ and Money was a major stliflulus to research. Keynes' insights 
were explored and forimalized in the 1940s and 1950s. But in the late 1960s 
the underlying structure of the economy changed, and tKe Keynesian 
theory progressively lost its power to explain what had occurred and to 
forecast what would occur. One reason for the failura was that Keynes' 
General Theory was hased on conditions in Great Britain in the 1930s. A 
more important reason was the continued reliance on equilibriuni models 
at a time (1968-197S) when governmental policies and worker and con= 
sumer expectations chaiiged so rapidly that we were in continual dis- 
equilibrium. The result has been a chastened set of economists and some 
very exciting new research. 

A second factor catalyzing the current ferment in the social and 
behavioral sciences Is that we allowed our good names to be used in 
support of programs lacking both a theoretical and an empirical base. To 
most people, Presidejit Johnson's "Great Society*' propams ware 'social 
engineering'— the payoff from the work of the social sciences. Nothing 
was further from the truth. The Great Society programs and social experi- 
ments spawned much good research; but the social sciences were not^ and 
may never be, in a position to design such large changes in the social fabric 
as envisaged in Great Society programs. We are good counter-punchers j 
good at critiquing a proposal and discerning Its implications* But we do 
not have the knowledge to design society-wide programs with predictable 
consequences. 

These Criticisms of the social and behavioral sciences— deficiencies of 
68 fundamental theories and methods and perceived responiibllity for the 

failures of massive social programs of the federal government™come at a 
time when society is in a mood to question the utility of government, 
expenditures on research, with social science research as the opening 
wedge. The social sciences are particularly vulnerable to attack since they 
examine the behavior of man (disproving long-accepted beliefs Is never 
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popular^ as Socrates could testify) and since the accumulation of data and 
knowledge in social research is not as straightforward as In physics or 
chemistry. Results are often situation-speciflcj and the contribution to 
general knowledge and theory from each individual piece of research 
may be quite smeJl. And, occasionally^ a fundamental ihift in social insti- 
. tutions may vitiate, or seriously qualify, a successful social science theory 
— e.g,, the situation of macroeconomic theory in the 1970s, Even the best 
social science theory is often on one horn of a djlemrna; rigorous, but 
irrelevant; or relevant, but hardly scientiflc. 

But, however justifled these criticisms, understanding individual be- 
havior and social interactions is crucial to formulating sensible policy. If 
one accepts the notion that these ou^t to be studied scientiflcally, one 
Is committed to supporting the social sciences in principle, even if some 
Individual projects are apparent nonsensa But this discussion is more 
apologetic than is warranted, No matter how many ashes we economists 
have heaped on our heads, postwar economJc history, including that of 
the 1970s, has been prospefous and stable compared to earlier periods, 
Modern economic advice may not have worked as well as promised by 
the phrase ''fine tuning/' but it worked better than its predecessors. 

SOCIAL SCIENCES RaED 

Criticism prompts stocktaking; and the Assembly's Study Project on 
Social R&D is indeed taking stock of social r&d under way or planned 
within the federal government and of its possible relationship to the m^- 
ing of policy. The Study is funded by the Science and Technology Pohcy 
Office of the National Science Foundation, and is discussed in more detail 
on pages 76-81 of this report. On its agenda are questions such asi What 
social research and development is currently being done? What deter- 
mines how these probk eaa are defined and hosv much research t^es place? 
How does social mx) become decision relevant? Indeed, what is decision 
relevance? Our new Committee on the Social Sciences in the National 69 
Science Foundation is a. related effort and will make use of much of the 
work of the Study Project. 

As one might gue^s, these committees have raised major issues con- 
cerning the support of the social sciences and the use of the social scivnuen 
in policymaking, To be more speciflc, in flscal year 1975, approximafely 
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$1 billion was spent by. the federal government on what might loosely be 
called social r&d, with half spent by hew. Of the $1 billion^ about $100 mil- 
lion went to peer-reviewed unsolicited proposals, with the remainder going 
to projects rwt peer-reviewed by outside scientists. The latter investtnent 
may be less 4an totally productive. Often a large project is divided into 
design^ data collection^ and analysis, each requiring a separate Request 
for Proposal (rfp) stipulating a short respjt-t^'^ timej a brief period to do 
the work^ and closely (sometimes incorrectly/ specified tasks, Sudi pro- 
cedures mean that the projects are esientiaHy closed to university re- 
searchers and may indeed— because continuing support for personnel is 
not assured—rule out the participation of any legfHnnate research 
organization. 

The Assembly's study of social r&d alio makes it apparent that there 
is only the loosest of connections between social science research and 
decision making* A careful scrutiny of decision making reveals a series of 
factors necessary if research Is to be decision relevant. For example, to fit 
the crisis nature of much decision making, a theory must be ftJly devel- 
oped and tested, applications must be explored in detail, those giving the 
advice must have the proper credentials and be able to communicate the 
results, and the results should be complete or completable on short notice* 
These criteria explain why social science rese^ch has not been more 
closely linked to policy. By the same token, they pose the interesting 
question of whether (and how) research can be made more decision 
relevant 



IMPROVING OUR UNDERSTANDING OF SOCIAL PnOCESSES 
AND PROBLEMS 

In addition to such questions of grand strategy, the Assembly is focusing 
on several areas where it appears fruitful to apply current knowledge to 
pressing social issues, One is human development, Committee activities 
70 include a study of child development, an evaluation of maupower r&d in 

the U,S. Department of Labor, an evaluation of vocational education r&d, 
and an evaluation of the effort to decentralize federal manpower training 
and employment programs by transferring them to state and local gov= 
ernments. Two proposed studies of particular interest are an examination 
of the criminal justice system and an Investigation of the transition from 
school to work. n 
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Human Developmmt 

Studies of economic development make it clear that the most important 
economic reiource— perhaps the only Indispeniable resoufce-^is **human 
capital/* This resource is more iniportant to the prosperity of nations than 
mineral resources, climate, or material wealth, It is a safe pretjlction that 
the nation that gets the most out of its people— i.e., the natloii in which 
human development flourishes— will be the richest nation in the twenty-' 
first century^ regardless of mineral resources or climate. 

But human development issues are inevitably complic^tad, At the 
broadest level, there is little controversy, but also little eotitant Clearly^ 
the family is the predominant influence on child developtnent; and chil- 
dren develop their full potential in a stable, loving, and stiinulating family 
environment. But if the family environment Is less than ideal, are there 
compensatory programs that can bridge the gaps? Will impyo^ed welfare 
programs and a better array of social services improve th^ family environ- 
ment and, by Implication, a child's developmentP 

In attempting to avoid the contentless generality of telklng ^bout-^ . ..^^ 
Ideal family environments, many researchers have limited theiy scope too 
severely. Often it is as unproductive to take a narrow problem as to try 
to solve the most general one. Crime is a good example haoause it is an 
important social problem and researchers have tried to tak^ a narrow 
approach to reducing the symptoms. For example, crime was found to be 
lower in areas with more street lights and police, Unfortunately, policy== 
makers tried to apply these findings by putting up more slreat lights and 
expanding police forces. As a good systems analyst would hav« predicted, 
crime increased in the unlighted places and in the suburbs, with their 
smaller police forces. While there has been a slight overall reduction In 
crime because of the lights and police, the major effect has hmn to shift 
crime to places where there Is less chance of being caught. 

A thought-provoking observation related to the Issue of human de- 
velopment and criminality is that the proportion of the .population in- 71 
carcerated in such countries as the United States, Canada, mA Norway 
has been constant for as long as they have had the statistlips. Apj^rently, 
a law-abiding society, such as Norway, jails people for minoi crimes, such 
as driving with a blood alcohol level we would consider absurdly low, 
while a violent one, such m that of New York City or tha District of 
Columbia, might reserve prison for major crimes of violence. This obser- 
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vation suggests that deep social principles govern crlmlw^l jiiitice systerns 
and that failure to uncover these v^ill mean that many plwsible solutions 
will turn out to be incorrect or even perverse. 

Income Potential: Burglary mrsm Dishwashing 

One heresy that we economists indulge in is modeling decision making 
as if it were ratlonaL Even our social scientist coUeagtiai regard this as 
absurd, But the exercise is instructive. Consider the tewager deciding 
between a legitimate job and a life of crime* Ignoring th© disutility of 
being Incarcerateds the first variable in the decision is the eMpected life- 
time Income of each choice. For a black, male teenagpK in a large city^ 
burglary oflFers a much higher lifetime income than unsJkiUed labor, and 
the crline rate among black teenagers reflects that fact* That tliii model 
correctly predicts a high crime rate among poorj unskilled teenagers is 
hardly a powerful insight. But the model does m^e clear that both car- 
rots and sticks can be used to decrease the crime rate, in the past, the 
sticks have been emphasized- Increase the probability of arrest (more 
police), the probability of conviction (no-knock laws^ wtetapping)^ and 
the period of incarceration (no suspended sentences, m parole, longer 
sentences). Clearly^ such measures could succeed in reducing the crime 
tiifQ, but only * the cost of fundamental and deplorable changes in 
socipty. The ' ?tic has received httle emphasis: Lower teenage 
imamployji^o^i eur/* .itly over 60 percent for black teanagars in some 
cities), piovidi? training and generally Increase educational opportunities, 
and ease the transition from school to work to reduce iiTOmployment or 
trauma. Assembly committees and proposed projects in the human devel- 
opment area might be viewed as focusing on canuiN arid sticks, particu- 
larly on the carrots that can enhance human developmetitj thereby making 
criminal activity less attractive. 

STHAINS ON SOCIAL INSTITUTIONS 

One of the most fundamental problems to which the Assembly has at- 
temptecl to apply the knowledge of the social science^ h the strain on 
social institutions. During the past decade, there has bean increasing pres' 
sure on and dissatisfaction with social Institutions, The^ environmental 
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movement, criticJsni of science and technology, and widespread oriticism 
of regiUatory agencies are a few of the manifestation^* One predictable 
raaction by the federal government has been to turn mmy of these touchy 
issues over to blue-rlbboii commissions and coinniittees—hence the In- 
creased business lor the National Research Counoit 

The Assembly's activities reflecting this Increase tai^lude the Commit- 
tee on the Societal Consequences of Transportation Now Abateinent (dis- 
cussed on pages 8^84) and the Assembly s recent report examining the 
economics of Qutdoor recreation resources^ especially the measurement of 
the social demand for these resources. Response to the increased pressure 
on social institutions has also generated proposals iox mw activities by the 
Assembly. 

Social and Psychological Comequences of Ecommlc Viwertainttj 

It is hard to overstate the concern of Americans with ''dQuble-'digit'' infla- 
tion. Economists are particularly surprised by this concern since wages 
are generally linked to the inflation rate, Is there a ''mQmy illusion"? Does 
high inflation itilioduce so much uncertainty that coJiSumers feel worse 
off than they really are? Or Is the perception valid, because the assets of 
Americans actually are eroded signiflcantly by high ii)flation? The ques- 
tion deserves a tten tion , 

Market verms Nonmarket Attocation 

During the 1973 Arab oil boycott, the supply of g^^soline fell Rather than 
allow the markat to anoaate the smaller amount of gaaoline, the govern- 
ment indulged in measures that rationed gasoline, with resultant lines at 
gas stations, Time, not dollars, became the necessary lasource for getting 
gasoline, A study proposed by the Assembly would eKamine what the 
characteristics me of various ways of allocating gtoodi. When is market 73 
allocation preferable? When is rationing-by-coupoifi prrferable? When Is 
an informal ratioiimg system— e.g., queuing for ga$;Qlin0--pref erred? The 
answers depend on what the goods are needed for, th^ degree of curtail- 
ment, the distrilMition of Income (and wealth) in socirty, and the extent 
of the public underitandlng and sympathy with the icause(s) of the short- 
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age. Answering these qiiestii requires a broad mix of discipllnas and a 
good deal of evidenne, and it is high on our list of proposed studies,' 

Conflict Resolution and Avoidance 

Conflict generally does not lead to violence. Society has many Informal 
and formal means for resolving conflict; and, perhaps more important, foj 
avoiding conflict While considerable wotk has been done on the rasolu- 
tion of conflicts, niore attention should be given to conflict avoidance and 
to redeflnition of the questions worth exploring. 

ASSEMBLY MANAGEMENT 

These problems and our attempts at applying social science knowledge to 
them are our reason for existence. But these high purposes can bfi sekved 
only when the Assembly is organized to appoint and help committeas and 
when it has sufficient funds to plan projects. The Assembly has been for^ 
tunata to obtain grants from the Ford and Russell Saga foundations to 
fund program planning. These funds give us the ability to explore idaai 
and develop them to the point that government or foundation support can 
reasonably be sou^t.r Thus, rather than reacting only to the requests of 
agencies and foundations, the Assembly attempts to identify problem areaa 
and promising projects. 

The Ford and Hussell Sage grants and the consequent jDnancial ability 
to plan and develop programs enormously increased the demands on the 
staff; senior staff time, not money, became the limiting factor on our activi- 
ties. Thus, there is particular significance in the recent additions to die 
Assembly staff of an associate executive director and an editor/ reports 
officer, 

Finally, if one took a limited view, it would be easy to complain about 
the staff time required for NRC-wide activities: the Analytical Studies for 
74 the U.S. Environmental Protection Agency, the World Food and Nutrition 

Study requested by Preiident Ford, and the Study of Nuclear and Alterna- 
tive Energy Systems. But, aside from the obvious benefit of a catholic 
examination of major and complex problems, these studies have the more 
subtle benefit of increasing interactions among Assemblies and Commis- 
sions and thus decreasing the categorical isolation of nrc activities. 
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The reorganization of the nhc hrtnigli! now challongeN In the Assnm 
bly; the Furd and HusHell Sage program phinning fundH eiiabled us to put 
inoro time and thought Into new projects. With many of the organizational 
problems now nnder control, we look forward to a more aggressive seareh 
for aetivities that would tiinquely benefit from an mm study. 

Lehteh B. Lavi: 
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Study Projects 



STUDY PROJECT ' ' SOCIAL RESEARCH AND 
DEVELOPMENT 



For several yearsj senior government ^ fficials and menibers of Congress 
have expressed serious reservations ^^jout the numerous research and 
development programs addressed to social problems. Of concern is been 
the alleged low^ quality of the v^ork prodiiced by these programs and the 
limited value of even the competently performed r&d in the^ formulation 
of social policy. Important problems that are the joint responsibilities of 
several agencies seem to receive little attention. Decision makerSj such as 
officials in the Office of Management and Budget, have not even been able 
to get a clear and concise picture of the extent and nature of support for 
social R&D. The Study Project on Social r&d was funded by the Science 
and Technology Policy Office of the National Science Foundation to 
examine the social r&d enterprise, to investigate the merit of these con- 
cerns, and to make recommendations for improvements in the organization 
and management of the federal support of social r&d, 
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WIIAT DO WE iVfKAN UY SOCIAL H&D^ 

Sodai H&D consists of research and development aimed at understanding 
and alleviating social problems. It is not solely research carried on by 
social and behavioral scientists, althotigh virtually all of it involves these 
disciplines, As the committee overseeing this work attempted to identify 
and classify social nm programs, it discovered a number of signiflcant 
"gray areaSj" including 

• Biologicah clinical, and related research, such as that supported by 
tlie Alcohol, Drug Abuse and Mental Health Administration and njh 

• Hardware development that could be used for social purposes, such 
as those of the Department of Defense, Department of Transportatioin, 
and the Energy Research and Development Administration 

In general, the committee tried to exclude purely chemical and biological 
studies, suv ^i us those aimed at developing new drugs, and techaological 
projects, such as demonstrations of new transportation systems. However, 
the boundaries of social h&d still remain unclear. 

Another difficulty in classifying n&o progn is is determining what 
is tndy research and development. Should policy analyses or program 
evaluations be included? Should the collection and analysis of social sta- 
tistics be considered social h&d? Are demonstration projects a part of the 
social n&D enterprise? In general, the committfe has been inclined to 
include these ^mm each of them is perceived by the Congress and the 
public to bo social n&n and since each makes heavy use of social scientists 
and social science methods of inquiry. 

AN INITIA.L MAPPING OF SOCIAL R&D EFFORTS 

The committee first compiled . n inventory of social r&d activities cur- 
rently being carried out by major agencies of the federal government. 
Interviews ware held with policy and administrative personnel and budget 
data were collected on social r&d activities. Some signiflcant points 
emerged: 

• Social R&D, even by conservative definitions, is a large enterprise, 
totalinf' nver $1 billion annually. 
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• HEW k responsible for some 50 percent of sncjial n&n, 

• Social n&n is spread over an extreniely large number of agencies, 
particularly since in many departments and agencies fiuids are further di- 
vided among more or less autonomous bureaus or institutes, 

^ Hesearchj both basic and applied, constitutes more than one-third 
of the i)rt, about the same as the proportion for all federally supported 

• Development, as it is understood in technological areaSj is appar- 
ontly not done and Is "replaced" by experiments and demonstrations, (A 
minor exception might be cnrriculum development at the National Sci- 
ence Foundation, the National Institute of Education^ and the Office of 
Edu< iition,) 

The committee examined the allocation of resources for social r&d by 
problem area and noted that 

• 37 percent of social h&d Is allocated to education and manpower 
although these activities constitute less than 5 percent of total federal 
domestic expenditures (aiid less than 10 percent of federal domestic 
expencLuires li income security is excluded), 

• Expenditures related to individuals (health, education, manpower, 
social services^ income security) are 2,5 tinies greater than those focused 
on communities (public safety^ housings community development, trans- 
portation , environment, economic development, governance), 

• 67 percent of health-related is classified as research, while only 
17 percent of education r&eo is so classitied. 

These obs^^i vations and many others reinforced the committee's view 
that data on social h&d expenditures were not organized In a manner that 
allowed systematic evaluation. This initial inventory of federally sup- 
ported social H&D provided the background for consideration of the use« 
78 hilness and relevance of social h&d to the formulation of social policy and 

the organization and management of the social n&o enterprise. The second 
phase of the project was therefors? designed to address issues such as the 
following: 

' • What are the proper functions of the social r&d enterprise? How is 
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and how uhonlcl social ^^esearch and development be used in policy- 
making? What is a meaningful definition of policy rplevance? 

• Are there preferred mmm to organize and manage federal support 
of social HacD? How should nonresearch persons be involved? 

^ Does the current organization of the federal government mean that 
some questions or functions receive too little attention? Does research that 
crosses agency jnrisdictinns gat slighted? Is too little attention paid to the 

use of R&D? 

• Would the enterprise be improved by some form of overarching 
policy structuie (perhaps orchestrated by the Domestic Council or the 
President's Science Advisor)? 

In short, the committee is seeking to establish the dimensions of science 
policy in the social areas and to make recommendations for improvements 
in this policy. 

SUPPOBTINn STUDIES 

The committee staff, with the assistance of consultants, is preparing papers 
or ^leveral of the problems raised abovti. For example^ 

• A series of studies are examining how federal agencies organize 
and manage social u&d related to the living environment (Agriculture, 
HLH), DOT, EPA, and Interior), to income security (hew. Agriculture, and 
hud), and to health services (primarily hew). Two studies also focus on 
research relevant to target populations: the aging and young children. 
These stndies are seeking to identify the determinants of the character of 
curr^^iit federal programs in these areas. W'ho sets priorities? Who selects 
performers? How is the use of r&d findings promoted? Is there any 
coordinated planning of research? 

• A number of studies of important management processes are 79 
under way. The grants and contracts policies of several departments 

have been examined, as well as innovative ways to improve the defini- 
tion of projects and the selection of performers. In addition, the planning 
processes of a number of agencies are being examined, since early obser- 
vations suggest that little real planning takes place outside of the normal 
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budget planning. The research on knowledge utilization is also being 
reviewed » 

• A number of papers relating to the use of social r&d in policy- 
making have been eomniissioned, 

• A study of the planning and management of longitudinal data 
haHGH h'dH been commissioned. Particular emphasis is being placed on 
nicans for facilitating their me in research, 

• Studies of the history of the development of modern deniographyj 
survey research techniques^ and negative income tax proposals have been 
commissioned. These studies focus on the nature of the flnancial support 
for critical events in these historical examplf^s as well as their institutional 
context. They are intended to provide insight into strategies for the sup- 
port of social science inquiry. 

• A study of the use of econometric and dernographic methods to 
forecast emerging social problems as a basis for planning programs of 
research is inider way. 

• A broad history of the growth of social r&d has been commissioned. 

The report^ to be issued in September 1976, will be substantially con- 
cerned with applied work, since less than 10 percent of social r&d expen- 
ditures support bask* "csearch. It will focus primarily on improvements 
that involve seveuil agencies (grants and contract processes^ for example) 
rather than dealing with specirtc programs. While the setting of priorities 
for research on par^ kular nro^^' ^ nreas is beyond the scope of the com- 
mittee's assignmen' and cui; ' -ieSj the report should proposa better 
procedures for grappling with this issue. In particular, it will include 

• A discussion of the process by whicli society deals with problems, 
with the intent of highlighting the manner in which social research and 
developrnent might contribute 

• A careful consideratit)ii of the functions that social lukD should be 
80 expected to perform 

• A discussion of the current organization and managemeiit ( die 
federal support for social nm, together with recommendations for 
improvements 

111 sum, the hope is that this study w^ll provide a clearer picture of 
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the social n&D enterprise and establish the terms of the debate over Its 
future directiuns, 

study Project on Sociiil Restirirch and Development, Assembly of Be- 
havioral and Social Sgienccs. Chairniani Donald E. Stokes of Prinee- 
ton University; SUidy Direetor, Thomas K. Glennan, Jr. 



SOCIETAL CONSEQUENCES OK. TRANSPORTATION 
NOISE ABATEMENT 



The major puri am of thin study— part of the series nf nrc studies for the 
U.S, EnvirtmniuntuI ProtccUcm Agency (see page 121)— will be to esti- 
mate the costs and benefits to society of the reduction of transportatidn 
noise and to suggest feasible combinations of costs and benefits as a guide 
to establishing policy. 

There are three ninjor ways to reduce transportation noise: 

• Influence the sources. For example, engineering niodiflcations can 
be made on TTiotor vehicles, airplanes can b^' retrofitted with sound- 
deadening devices, noise operation standards can be applied to the manu- 
fachire and maintenance of new transportation vehicles. Alternatively, use 
of transportation vehicles can be curluikd, the vehicles can be run at lower 
speeds, or larger-capacity vehicles can be substituted for smaller ones. 

• Influence the receivers of traiisportation noise. Through the use of 
insulation, new building materials, and noise-muffling design, the effects 
of a transportation noise may be reduced, 

• Without changing either source or receivers, shift their relative 
locations so that noise receivers are under less liability from the sources. 
Highway and traffic can be rerouted; new airports can be located farther 
away from metropolitan centers. 

COSTS 

For each of these three strategies, whether pure or mixed, the direct costs 
of applying the strategy to the estimated transportation noise from each 
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uomue can be caloulated. ThereS/ili also be ind^r cnnttg. far 
lowenng speed limits would reduce niotoi vahi. >: uoiue, tlm coht uf trutK 
delivery would fncreu^c, which would incyna^^e nost of the goods to 
consi. ers. Such charges, as well as abatemriU proeedares that increase 
fuel uonsumption, have to be calculated and added to ihe direct costs, 

However, noise reduction may at times ictually save money for cer- 
tain sectors of the economy. For example, oim rtiategyior reducing the 
noise of diesel trucks operating nt highway speeds would be to put a 
speed-governed clutch on their radiator cooling fans so that fans switch 
on only at low speeds. The fuel cost saving from the use of such clutches 
might, over a 1^ or E-^year period, outstrip the cost of the clutch installa- 
tion. The fuel-cost savings could be considered a benefit, or it could be 
treated as a negative cost subtracted from the positive cost of installation, 
yielding a self-contained treatment for a particular abatement strategy, 
Such organizational decisions have an influence on the conceptualization 
of the cost^benefit structure. Certain important factors, such as the change 
in land values, can be assigned to the appropriate category—costs or 
beneflts— only aftc'^ they are computed. 

Even after they uv jlassifled and quantified, all costs are still not 
equivalent Some are levied on different constituencies- airlines, trucking 
industry, consumer, and so on. Some are short run, others long term; some 
are localized, others distributed. A series of explicit value assumptions will 
have to be made in order to aggregate or summarize these different aspects 
of costs. 

Since each possible abatcnient procedure results not in one level of 
noise reduction but rather in several levels, depending on the extent to 
which it is employed, the determination of costs is a function of the 
amount of abatement or of the final noise level desired. Differing strategies 
of noise reduction will be difjerentially eflBcient, and differing projections 
of future transportation use will each have different associated costs. 

82 

HENEFI rs 

Ahnost all the prol)lems and issues raised in estimating the costs of noise 
abatement reappear, and in many ways are magnifled, in a discussion of 
benefits. As with costs, recipients of the beneflts will have to be identified, 
as Uiey form several different constituencies. For example, the beneflts for 
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, trans por tat i m wcrkers— ground ciuwN, truck drivers, and the like— will 
differ from those for suburban liomeowners or city wurkers and residents, 
For each group there are i : ughly three kinds of possible beneflts: 

• Medical and physical benefits, such as reduced hearing loss, fewer 
heart attacks^ and improved health, which can be somewhat quantified 
through conventional insurance or workmen s compensation estimates 

• The reduction of transportation noise, which might well increase 
pfo.hictivity directly or reduce waste and error (aUhough the data are 
scuiiiy on this pt)int, productivity increases can, in principle, be converted 
to the same monetary units as costs) 

• Quality of life 

This tripartite division is not to imply that these three aspects are 
independent. For, clearly, medical disability implies both loss of prodi^c- 
tivlty and diminished quality of life; similarly, productivity loss may im- 
pair general health or poor quality of life may diminish productivity. The 
last factor^ quality of life, is the nub of the study. Through social indica^ 
tors, surveys and other diverse sources, some attempt will be made to 
correlate levels of annoyance, dissatisfaction, and discontent with current 
noise levels and the changes in these indicators as the noise is abated. At 
present, current legislation, executive rulings, and safety codes tend to 
discount such concerns, possibiy becnUise of lack of adequate inforrnation 
about quality of life, the difficulty of quantifying what hiforrnation is 
available, the ambiguous legal status of pertinei^t rulings and codes, and 
a belief that only possible medical disability Is a valid concern for regula-^ 
tory action on the part c;f legislative groups. 

Bpnefits uro, in a manner similar to costs, a fuivjtiun of the dsj:-ee of 
al>atement desired, the strategy chosen, and th^ projection of future trans- 
portation use. The immediate comparability of these two coniponnnts— 
costs and beneflts — ^depends upon successful acceptance of the quantifica- 
tion of the quality of life into units comparable to those used to des^iibe 8 
costs. 

Because the data for assesbhig quality of Ufe are incomplete, infer- 
ences have to be drawn from the relevani psychological, sociological, and 
social indicator literalure as well as from testimony and reports, such m 
the 1975 Occupational Safety and Plealth Admlnistratinn's inquiry hear-^ 
ings into industrial noise standards. 



ASSEMBLY OF HKIIAVIOKAL Jj^D SOCIAL SCIENCES 



AlthQugh in theory such Lomparisuns should be possible by superirnposing 
the hypothetical graphs of al)iitement versus costs and abatement versus 
benefits, it is more than likely that some more explidt statements and non- 
metria comparisons will be necessary, particularly if the berieflts are i .^^ 
(luantified or are in units not commensurable with the cunts; e.g., 0: - 
([uality of h'fe will probably not be expres5ied in rlollar units. 

In addition, the committee cannot i ^u legal and political irnplica- 
tions of what are sure tu be regards ^commendations for action 

jurisdiction, public temper, political ?nd flexibility of action are 

other considerations necessary to cnn\ u \- ' the study. 

Comrnittee on Appmi^ial of Societal Consequences of Transportation 
Noih'u Abatement, Ahbcmbly of Behavioral and Social Sciences. Com- 
i nit tee Chairman ( William Baumol of Princeton University and Mew 
York Unlvc^rsitv; HtafI Oflicef, Jeroniu E, Singer. 



f^imnmin, A^bf"\Mly of Mathematical ..ncl 
r vsjui? SdfviM^^. (1974^1976) 



Assembly of Matlmnat 
and Physical Saences 
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Beyond Plate 
Tectopi " 



The program of the Assembly of Mathematical and Physical Sciences 
(amps) is both chalienging and bewildering in its range and complexity. 
For example, the issues considered in 197.^ included scientific priorities for 
the nation's space program^ the state of catalysis research, the likely effects 
of subsonic and supersonic jet aircraft emissions on the o^one layers and 
probable reasons for differences in shin cancer statistics. 

An essay on the state of the mathematical and physical sciences that 
does full justice within the allotted space to that diverfiN of interests 
seenis a presumptuous and probably impossible task. A mora reasonable 
approach is to choose one subjecl: within the amps ambit and describe its 
statCj including what we would like to know about it and why that might 
be useful, both to science and society, This year, that subject is geo- 
dynamics* Acc rding to a nineteenth century deflnitionj geodynamics is 
the study of the forces aiid processei that occur inside the earth. It still 
means thatj although the emphasis of geodynamics ref,earch over the past 
several years has been on the mechanisms of the plate tectonics concept 
and its implications regarding surface and near -surface phenomena. 

The late Harry Hess introduced the concept of sci^-floor nreading Jn 
the early 19e0s, and the phrase itself wa.% isU' aduced a year later. Inde- 
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pendent observations— seismic^ topographicj geoinagnetiCj heat flow^ iso- 
tope ages, drilling in ocean sediments— supported the concept and led to 
the broader model of plate tectonics. 

The idea seems simple enough: The earth s outer shell is divided into 
a small number of large movable and rigid plates each about 100 km thick 
that form the earth s lithosphere. These plates are created by magmas or 
molten rock, welling up at oceanic ridges or riseSj junction of two 
phites. As the process continues, the older crustal ial of the two 
plates moves laterally apart. Since there is convindng evidenca that the 
surface area of the earth is not increasing signlficantlyj the creation of iiev^ 
crustal material in one region implies that older material must be destroyed 
in another. These older portions of the plates may disappear in subJue- 
tinn zones, associated with Benioff zones— inclined planes of earthquakt; 
foci characteristic of many island arcs^ the adjacent volcanic areas, and 
deep ocean trenches. They may creep beneath continental land m asses , 
such as the Andean coast of South America^ to create a tectonically active 
region marked by earthquakes, mountain building, and mineralization. 
Plates may also rub against each otherj as along the San AufSreas Faultj 
(nt^ating lateral dispiAcements of tens to hundreds of kilonieters over time. 

We can use the plate tectonics model to explain why most earth- 
quakes occ ur where they do, and why^ for example, the San Andreas 
Fiudt is marked by shallow earthquakes (one plate rubbing against an- 
other) and why some quakes in the Aleutian Arc are deep (one plate diving 
beneath another). 

The principles of plate tectonics can also be used to explain how 
known mineral deposits were formed, and, by analogy, to search out simi- 
larh^ formed, but r^^di^^LOvered, deposits. For instance, as described by 
Patrick Hurley ^ of the Massachusetts Institute of Technology, the forma- 
tinn and the location of the immense Troodos copper deposits in Cypr us, 
the Andean porphyry copper deposits, and the lead-zinc mines in Liiiish 
Columbia can now be rationalized by tectonic events at plate margins. 
88 Put very siniply, for the Troodos copper, the fundamental event was prob- 

ably the thrusting of a spreading ridge into a continental block; for the 
porphyry copper, the subduction of a plate beneath a continental masSj 

^ R M. Ilurley. 1975, Plate tectonics and niincral depQHits. TccKinil Rev. 77{S)a5=21. 
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ffiMowcfl hy rric'lliniU, vcik anisiii, uimI (M-usifMi; Icii ilir Uriflsli Coliiinhiu 
nnn(»ral:s, the vniliii^tu llie sni racc uf snllltli's ul ihv I'd^cs ol voluunic' arcs 
ltirfiK»(I hya snlHliici in^ \)h\\r. 

TIitMic tiiul unuIyKis is vcmv rtiiiiplex. Btit Iliirh'y |ic>liits chit [hnt |>laU» 
ivriuwlvH \H iHiw w wry i'niI prnNp('c'(in^^ Ich)I. lM)r c*xuinpl('. Iin n()l(*s that 
tlip "u«isOcMaiicM) (il |i(ir|)hyry ccjppors wjlh Niiliduiilstin ^oneN is m cvltloiil 
fliut |)rns|ir«'liii^ his \v\uhI uii this latU, and ii lumihcr ol m\v niajor 
tlcposits have* hvcw U}\\\n\ in n'^ions lliul would never liuve hotni pros* 
pcu lc^c! l)cUiVv. EKUUipli^i aic in Kast Anla, Iran, rucrlu Bic and Brili^ih 
floliiiiihia/' * 

What riiakcs fhcstMippIicatinns of the plate tecloiiie*? niodd particii- 
lurly t'xdtiiig is (he lad that the idea itself is slil! lieing developed, and 
tliut fnrdier work, of ihu type In he (le.scviliecl helnw, .shcnild tiot oidy 
*^lrcMi^lhen llio prnspCH'lhig ]>nvveis o\ plate ((^otnnies hut afsn lead to othc^r 
sMxys In iusefnlly iipply mv new iinderstandlng of liow tlic earth works. 

At ll?* prcmMit slate of developiueiit^ the? plalcj tuclunie?» cinicept Is 
numi ellectivo in explaining the hlslnry ul the ULcnin (lours than of the 
coiiilnctitnl iiiaji'ies, e\ eiils at plate inarginN than at plate interiorn, and 
laterul riHMCMiieiits tliuii veitieal It in a deseripiive theury uiid oRers few 
diics In the ((jrtes tliul iiitcssaiitly ehango ihc^ fnet* uf the earth. Wo do 
not knoAv wliul drivers the plates; vvhothtn' the genes!;* aiul deNtnietion of 
plates is t!ie resnll uf pusli at the oceaiiit- ridges or poll at tlie Htibdiieting 
trenehes, or snine coinl)i!i[Uioii of hoihi The formatioii of the Rockies, the 
l^rrioks Hangc* in Alaska, nr thf Hawaiian Island duiln is not ofivloiiNly 
relutt'd to plate tectonii^s, In nuniy ca^cs, there Is no apparent rdallonship 
hetwcTii \ ()hanir ac tivity and ili<j geonietry and inoveincnl of the litlHi- 
sphorie plates. 

An pointcMl out by tln^ 1973 Nuc: reiJurt on the U,S. prograni for the 
tietidynaniius Pnjjec'ld "there are gcodyiiainlc phenomena that appear to 
he iiieonsislent with the plate t(»etonies niodeh and there are other plie- 
nunieiia that are apparently unrelated to it. This suggests that plate tec- 
ton ies iriay represent <nily a partial rnndul of the geodyiuimio process/* 89 

The Ceodynaniies 1-rojeet, now under way, should rediiec these 

* IhiiL, p. IB, 

f Nuliunal Ht'siMrch C'ouruil. 1UT3. U.S. JV^Jiruin for tliu CiCudynuinics Project ; ^m\)u und 
Oblt'divos. Niitiunal ALiulriny ol Jscionu^s^ Wa^tiinMluti, D.C., \). H> 
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i!icc)nslslc!ici(!8 and iiru'crtaiiitio^j Nharpen oHier gcodynaniic jnodols, and 
gciHTutc? new oiien. Thv Ceodynumics Project Is 

iin iiitcriiiiticjiuil prcignun uf vvHinirvh on the dyriainics unci clynumic history of 
llu» i'artli vvqtii cMiiphusjN on plu'iiunieiui that alluut Huifuce or near-surface 
proct'SHrn aiul .stnicituru, I'll In inchick^s InvestigatioiLs rclatod to inovements 
sr ' ilcfornuitlon (past unci prcsc'nt) of the litliojsplicrc, relovant propcTties of 
(hi <4irth's intc'iior, uiid cNpeuially any evidence for inotions at depth. ^ 

The U.S. Gcudyiianiics Committee, organizcid uiidcr the auspices of 
the CcophysieH Researeh Board of amps, in collaboration with other 
organi^atiens, identificcl initial priorities associated svitli the following 
activities f: 

Fine strnetnre of the crust and upper niuntle 

Mid'Athmtic Ridge 

Internal proeesse^and properties 

Chcnucal difFeruntiation of magmas 

Cieudynamic models 

Drilling for scjientifie purposes 

Magiietic prohleiii 

Flute margins 

Pkite interiors 

Geodyiiamie s)-ntheseH 

The program iuv the Geodynamies Project uses the plate tee- 
loiiius coiieept as a touehstone. These priorities are intended to detail 
various parts of the plate teetonics models as is the case in the French- 
American exploration of the rift vnlley in the Mid-Atlaiitic RidgSj which 
Is the first Integrated study of a spreading plate region, Other parts of the 
program will concentrate on geodynaniic processes not obviously involved 
in plate tectoin'cs, such as the study of the chemical differentiation of 
90 niagrna, which is related to the formation of ore deposits. There's not 

enough space to describe all of the projects, but a brief elaboration of a 
few should give the ilavor. 

" Ibid., p» vii, 
\ Ibid, p. n0=S2. 
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FINE STHUCTUHE OF THIi nUUST AND UPPEH MANTLE 

Thfi Mohoraviciicj (Mf)bo) boiiiulary, or disaontlniiily, between the earth s 
crust and the upper mantle is well known. Hut lliore are probably other 
le«s easily detected boundaries. Mapping thcnn would improve the analy- 
sis of data on crustal structure and help decode the evolutionary history 
of the crust 

An effort \h now under way to test whether seismic reflection tedi- 
niqiics iised by oil companies to locate likely petrnleum-bearing forma- 
ticjiis can be applied to an analysis of the deeper part of the continental 
crust and porhaps even to the upper maiitle. 

These exploration technicpies rely on "echoes'" from siirface shocks- 
explosives or truck-mounted vibrators. In oil company work, the record- 
ings cover 6 seconds or less, adeciuate to allow two-way travel of waves 
penetrating somewhat deeper than the 9 km or so of sedimentary rock 
where oil has been hnnid. Longer recordings should hiclude reflections 
froiii deeper struutures in basement rock forming the continental block. 
The feasibility of extending this reflective tedmique tc) obtain interpret- 
able data froni greater depths was tested in 1975 in two localities— 
Hardeman County in north central Texas and the Rio Grande rift area of 
central New Mexico— by a group called OTCoiir (Consortium for Conti- 
nental Reflection ProfiHng). The particular geisnnic profiling technique 
used was viBuosErs (a tradeniark of the Continental Oil Company), and it 
prochiced diifraction and reflection wavm from both crust and upper 
mantle. Two-way travel times of 14 seconds were recorded for some re- 
flected waves, indicating tleptlis of 45 to 50 km. The technique is still 
being explored, but if it rexieath its early success^ it will he a powerful tool 
in delineating the structure of basement rock and helping us understand 
past events in the interiors and on the margins of plates. 



COlSrTlMENTAL DHILLINC; 

Hovvever rich the information one can gather with surface measurements, 
one would still like to have actual material froni the crust and upper 
mantle in order to modify and amplify the geophysical information and 
to enable the correlation of rock striicture with measured propeities. A 
drilling program to recover material frorn basement rock that forms the 
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contiiieiital platform has been proposed.^ It recornmends extensive drill- 
ing of fairly shallow holes (30 to 300 meters) and more selective drilling 
of deeper holos (300^9,000 meters)* At least five iniijor scientific problems 
of two typen can be atluuked in thi.s way: 

* Active prtjcesses now oceurriiig in the crust. 

L The nieehanism of faulting and earthquakes; e.g,, drilling at 
varying depths af the San Andreas Fault would provide information on 
the cluimuter of the rock above aiid below the usual epicenters for quakes 
in this reglaii. 

2. Hydrothernial and active magnia chambers; e.g*j a study of 
hydrothermal water circulating around a magma chamber would aid in 
prosiJecting for gcothermal deposits and in understanding the mechanism 
of niiiieial formation. ^ 

• State and structure of the continental crust. 

3. Heat How and therrnal structure of the crust; this would aid in 
nnderstariding the forces driving tectonic plates, 

4 State of ambient stress hi the North American plate; again, these 
data would help filter various ideus about the mechanisms that drive the 
plates. 

5, Extent, regional structure, and evolution of the crystallirie con- 
tinental crnst; the crystalline rocks that form the continental platform 
contain in tlieir structure the evolutionary history of the North American 
plate and thus offer a view into the history of the plate and also informa- 
tion to giiicle future mineral exploration. 

PLATE iKTEniDUS 

The plate tectonics model forces a somewhat parochial view since it 
focuses attention on the plate margins. Howeverj there is plenty of action 
within the plate interiors, as evidenced by the several major earthquakes 
92 that occurred in the eastern part of the United States in the nineteenth 

century, as well as by geodetic measureinents indicating short-term verti- 
cal displacements of rock within the plate comparable in rate to the plate's 
horizontal rnovements. Whether plate tectonics has iomethlng to say 

- E, U. Shoemaker (ocl). 1975, Contiiienhil Drilling, (Rt'port on the Workshop on ConU- 
ncntrtl Dri]linfi>) Curnegiu Instittition of Washingtoii, Washington, D.C., Sfipps. 
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about time interior iictivities or whother iilternutive theories arc needed 
to explain the facts is «till uncertain, However, m an approach to jiome 
sort of <3xplaiiatian for whut happens in tlio intorior of platesj a synoptic 
Hynthosis of avuilablu gC(idynanHC8 data in needed. Fur this reason, the 
Working Group un Pkto Interiors of the U,S, Geodynamics Committee 
has proposecl a traverse frum the upper Michigan peninsnla to the Atlantic 
Slielf off Cape Halteriis. The program will try to gather all pertinent and 
reliable geoclynamiu datu available along the path of this traverse, include 
ing topography, depth to basemen t rock, thickness and attitude of supra- 
basement sediments, seismicity, crnstal flue structure, heat flow within the 
cnist, and so on. 

PLATE MARGINS 

While, hy definition, the plate margins are extremely active areas, we have 
few fine details, particularly for different regions and different geological 
.settings, We woiild like to know, for example, the different stressrs or 
pressures on rock In different regions. We would like to search for the 
boundaries of smaller plates, now that the boundaries of the larger plates 
are fairly well defined. We would like to have the sort of data that might 
answer the eadier question of whether the plates move because they are 
pulled or because they are pushed. 

Some of these questions may be atiswered by studying ancient or 
inactive plate houndaries, which have been relatively neglected compared 
tc) active plate boundaries. The U.S. program for the Geodynamics Project 
includes emphasis on the need for models of presumed ancient boundaries, 
As a first step, a series of cross sections — including precise determination 
of the timing of geologic events— is being inidertaken across a do^eii coni- 
pressive plate boundary complexes (mostly ancient) in various parts of the 
United States—the Appalachians, the Sierra Nevada, the Klamath Moiuu 
tarns In Washington and Oregon, the Ouachita-Marathon region, and 
possibly the Rockies. 93 

INTEBNAL PROCESSES AND PHOPERTIES 

Ultimately, any ideas on the mechanisms of plate tectonics will be con^ 
strained not only by what happens at the surface but also by the physical 
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nature of the miiluriub in the lithuHpherei The flow of heat through the 
crust, temperutiirc and pressure profiles^ the candition.^ inider wliich rock 
structure changes, the sizes of pores within the rock, the nature and satura- 
tion of pore iluids, tlie veU)city of sound through diflDrent rocks and at 
dilferent depths—these and otiier data ;U'c neodnd if we want to undar- 
stand the forces that shape the surface of the eat'tli. 

We can obtain some uf tlie data froni exposed erustnl and upper riian- 
tle roek. The drilling prograni, if implemented, will reinforce those efforts. 
However, these in situ studies will always be limited to about 10 kilome- 
ters, well above the depths where geodynumic events related to tectonic 
processes occur. What is most exciting is that pressul'e and teniperature 
techniques are now being develuped that will subject rocks in the labora^ 
tory to geological conditions of pressure and temperature equivalent to 
those at depths of 600 to 700 kilometers, Newly designed diamond cells 
and laser healing techniques are among the tools used to attain those pres- 
sures and temperatures, while new diagnostic techniques, such as laser 
holography, enable the measurement of the properties of rock put under 
these stresses. Thus, rock strain or stress, sound velocitieSj and phase 
changes can in part be measured under conditions approximating those 
occurring not only iri the upper crust but also deep within the mantle. 

Along with these nev/ techniqucSj we are becoming increasingly 
adept at synthesizing silicate and oxide crystals of miiierals that are im= 
portant constituents of the crust and upper mantle. Techniques for making 
some are already knov^ n; special efforts are inider way to develop tech- 
niques for others. 

These and other parts of the U,S. program for the Geodynamics 
Project form a carefully designed effort to capitalize on the revolution in 
tlie earth sciences in the 1960s. They seem certain to help our under- 
standing of geodynamicsj especially of near-surface phenomena that are 
so important to mankind. One may guess that new and perhaps even 
dramatic ideas will flow out of the planned geodynamic reconnaissance j 
94 Just as the plate tectonics concept emerged from efforts to map the topog- 

raphy of the earth, the magnetic fields and their reversals, and the 
^eisniicity of the ocean basins in the 1960s. 

NottTrUs E. Bradbury 
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FIRST CARP GLOBAL EXPERIMENT 



Beginning in 1978, the earths atmnsphere i\m] oceans will be observed 
with unprecedented completeness and detail ui a mammoth internatianal 
effort called the First gakp Global Experiment (fgge). The experiment 
bridges the two goals of the Global Atrnospheric Research Program 
(GAnp); first, an increase in reliable weather prediction from about 2 days 
to 2 weeks and, second, an improvement in our nnderstanding of climate 
—what forms it and what changes it. hahp hm attacked these goalB in two 
related ways: by the design and computational testing of models of atmo- 
spheric behavior and by actual observation of the atmosphere to help 
design these models and evaluate their validity. 

Achievement of garps two objectives would undoubtedly realize 
many practical benefits, although their nia|nitiide can only be guessed. 
Certainly, knowledge of what the weather wtll be a fortnight ahead would 
optimize agricultural operations (seeding, haJrvestlng, and so on), construc- 
tion seheduUng, routing of ships and other transports, and advance sched- 
uling of peaking power by utilities, A sounder compreheniion of the ele- 
ments of climate and what changes it should aid in the evaluation of the 
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effects of iTiaii^ proseiicc and waste product!^ on climate, the randomness 
of climallc (jhangc, and propasals for deliborately modifying cUmate. 

ram, as doscribcd by a 1975 nhc report, Vriderslanding Climatic 
Chdnge, n 'primarily an attenipt to collect definitivo global data setN far 
n.se in the iinprovemunt of weather prediction by numerical atmospheric 
niodek/' Secondarily, it is an important part of the climate portion of the 
GAin\ Much of the data will ccmic from the World Weather Watch (www), 
by which the World Meteorological Organisation coordinates the collec- 
tion and dissemination of routine meteorological observations to the 
vvorkrH tiperational weather services. About 6^000 surface stations, 70O 
iipper-alr radiosonde stations, 7,000 ships, and operational satellites of the 
United States and the Soviet Union will contribute critical data. While 
broad, this data network has gaps. The poles^ oceans, tropic^, and the 
entiro southern hemisphere are poorly observed, In an effort to fill these 
gaps, the luitions of the world arc readyiiifg a number of observing systems 
that will be deployed during all or part of the vom period, Five geo- 
synchronous satellites launched by the United States, Japan, the Euro- 
pean Space Agency, aiid the Soviet Union will be more or less evenly 
spaced over the equator. Tliese will provide frequent visual and infrared 
images of cloud patterns whose displacenients will indicate winds at vari- 
ous levels in the atmosphere. These observations will be particularly 
valuable over the tropical (jceans. 

Further data ovm the oceans, together with information on earth 
surface characteristics, will be provided by polar orbiting satellites of the 
United States and the Soviet Union, Their observations of infrared and 
microwave radiation emitted by the earth and atmosphere will yield tem- 
perature profiles from which the mass distribution of the atmosphere may 
be determined. 

In the southern hemisphere, where routine obiervations are scarce, 
plan^ are to deploy 300 drifting buoys in the 20 S to 65^S latitude belt, 
Their observations of pressure, temperature, and oceanographic variables 
96 will 1)6 collected by satellite. Present indications are that Canada will 

assume the lead role in developing these buoys and providing for their 
tlelivery. Aloft, several hundred balloons floating in the lower stratosphere 
will provide wind, temperature, and pressure data. This system will ap- 
parently be provided by a French-Iranian partnership building on 
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Kraiicc'H cxleiiNive experieiicu in ballcKm systemH and Hatellito data col- 
Icjctiuii. 

Numerical cxperinientN iiidicatG that the tropics must be observed In 
grout (ItiUul if the iieedH of atTTinspherie iTiodnlN are to he satisfied, Because 
ihe fields of mass and motion are hut weakly cotipled in these latitudes^ a 
dense nutwork of vviiul observations Is needed to define the state of the 
atrnosphere. Thus, the prineipal U.S, contribution £)f a Tropical Wind 
System is particularly significant. 

Thi,^ windflnding system employs long-range aircraft to release 
dropsoiides in the 10 N to 10 S latitude belt. Each dropsonde carries 
meteoralogical sensors and receives Signals from the Omega navigation 
system, Thase are relayed to the hunich aircraft where they are proce.ssed 
and reeorded. Changes in dropsonde position, detemiined from Omega 
signals, are used to compute winds, Approxlniately 117 daily drops vv^lll 
be made from base stations circling the equator. 

E:«isting World Meteorological Centers will be used to the greatest 
possible extant in transrnitting and processing the large mass of data. 
Global data sets produced with a 24diour delay will be used for extended- 
range foreeasts. More complete sets, utilizing data obtained too late for 
operational use, will be produced through follownip data collection, 

The timing of this ambitious program is now quite firmly locked to 
the launch schedules of key satellite systems. Data collection will start in 
January 1978, and by September 1978 all^iasic systems are expected to be 
operating. The observational phase of the experiment will be declared 
complete when a full year*s data have been obtained. 

Tho more exotic and expensive observing systems like the windflnd- 
ing dropsondes and the southern hemisphere systems cannot feasibly be 
operated at full capacity throughout this entire period, Hence, two 
Special Observing Peri{)ds are scheduled for January-February and May- 
June of 1979, These are timed to coincide with the most vigorous part of 
the northern hemisphere winter and the development of the Indian 
monsoon. 

The observational network of fgce will also provide opportunities for 
smaller-scale investigations related to the goals of garp. In the polar re- 
gions, POLEX programs of meteorological, oceanographic, and glaclologi- 
cal studies are planned. These will not only take advantage of the FcaE 
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system biit will also aontribute observations to the fgge data base. On a 
larger scale, a mnrisoon experiment (monex) is being planned to Investi- 
gate not only the seasonal rains so vital to southern Asia but abo the 
intaraetions Ijetween the global circnilation and the arinnal cycle of heating 
t^ver the Eiirasian and African continents. 

FcicE and its coini)nnents are not, however^ all of omw. Other pro- 
j^rani.s have been designed to mesh with them to advance our iinderstand" 
ing and Improve our ability to model the atiuosphere. In the summei of 
1974, for example, the gaiu^ Atlantie Tropical Experiment (gate) was con= 
ducted to gather data on the workings of the tropical atmosphere. This 
eflort, in which dozens of aircraft and ships and thousands of icientific 
workers from many nations participated, has been tennad the largest 
international scientific undertaking ever conducted, The data collected 
by this Dakar-based armada are now being processed and an intematiDnal 
army of scientists is beginning programs of research that will span many 
years. 

Under Japanese leadership, another international force carried out 
two munth-lung observing progrtUiis near Okinawa in the spring of 1974 
and 1975, This Air-Mass Transformation Experiment investigated the 
interactions between ocean and atmosphere as cold air froin the Aiian 
continent flowed over the warm Kuroshio Current The progranfi was 
highly successfuh and its results will be the subject of a series of stiidy 
conferences planned for the years aheach 

Other international CAnp subprograms and national efforts fornn part 
of the OAHp scheme. The Soviet Union, for example^ conducted caekex 
(Complete Atmospheric Energetics Experiment) progranis in 1970--1B72, 
and the United Kingdom plans to continue its air-sea interaction studieSj 
termed jasin. 

The International Council of Scientific Unions (page 188) and the 
World Meteorological Organization have supported the gabp Joint Orga- 
nizing Committee (joc), a select group of scientists from many countries 
98 who define the scientific goals of the program and monitor its develop- 

ment. They are supported by a Geneva-based planning staff .that douhles 
as the CAHp Activities Office of the wmo. The actual contrlbutioiis of 
governments to the programs are coordinated by organs of the wmo, 
while other International scientiflc bodies such as scor and cqspar ofFer 
technical guidance within their fields of expertise. 
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The U,S. Cnmniittce for the harp provides sgientlfle guidance for 
ArnericHin participation with the aid of panels and ad hoc groups con- 
cerned with gate, monisx, i'(;c;e, pouix, and cHmute re.searcli. Where ap- 
propriate, its advisory groups are formed Jointly with other Niio activities, 
such as the Coinmittcc on Tular Research and the Ocean Seience 
Board* 

While GAHPs observational programs are its inost visible manifesta- 
tions, its primary goal is to acquire knowledge, not merely data, Thus^ 
research based on the information obtained by oaiip field programs will 
extend for many years into the future, For exaniple, the gate Advisory 
Panel has established a group of coordinators with rusponsiblHty and com- 
mensurate funding to organize research based on the unique gate data 
sets* For fcige, a serins of workshops is now being developed to elicit 
idw for research in tla early years of the next decade* 

The first objective of gahp was to understand and predict weather. Its 
second and equally important goal was to understand the processes deter^ 
mining climate. As the prograrTis addressing the first objective have taken 
shape, the attention of planners has moved to the problem of climate. A 
panel of the U,S, Committee devoted 2 years' effort to the icientlflc prob- 
lems, and its report served as a valuable input to an intern atigiial con- 
ference in the summer of 1974, At its tenth meeting in Budapeit, the Joint 
Organizing Committee defined a gahp Clinuite Dynamics Subprogram 
on the basis of these studies, The program will build toward a Climate 
Dynamics Decade in the 1980s during which global observations, re- 
search^ and modeling would be directed toward understanding the sea- 
sonalj annual, and decadal variations of world climate. 

Thus, GAHP—although more than a decade old— still looks forward 
to its greatest challenges- the observation of our planet's fluid envelope 
as a unifled whole and the understanding of its long-term changes so vital 
to mankind's future, 

U,S. Committee for the Global Atmospheric Research Program, As- 
sembly of MathemaHcal and Physical Sciences, Chairman, Richard J. 
Rf'ed of the University of Washington; ExecuUve Sdenti^t, J. MichaQl 
Halh Executive Secretary, John R» Sievers, 
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II VALUATION OF THE NATIONAL 
riHIML suavisYs 

That (Tiint* statlHUcH based w what is k'lnwu the police may be in^ 
mlequiiic uiul misIcucUng is not a now fact. Yet they coTitinuo to be used, 
partly huvamo iiiitil recently, no other natianal crinie data were available. 

Sinco 1972, howcvar, an efbrt has been made to discern the ineldenee 
and nature of gertain crimes— rape, robbery, assault, theft, and burglary— 
throngh the National Crhne Survcy.s, Hponsored hy the Law Enforceinent 
Assistance Administration of the Department of Justice and eonducted 
!)y the Bureau f)f the Census of the IIS. Department of Commerce The 
endeavor consists of local snrvcys that have been completed in 26 major 
cities, paralleled by u L-oniintnng national survey of 60,000 households and 
15,000 l)nsine.^ses. 

In the national survey^ the essential technique is repetitive visits every 
6 months to the hoiiseholds and businesses by fleld investigators who ask 
a number of questions, for example: 

"During the last (i months did anyone break into or somehow illegally 
get into your homo, garage, or another building on your property?" 

"Did anything happen to you during the last 6 months which you 
thought was a cnme, Init did not report to the police?" 

The Justice effart U ti hindmark in the gathering of crime statistics, In 
that it asks not what was reported but what acttiully happemch It is also 
a landmark in the social indicator movement—the measureiTient of sf^cietal 
state and change. 

The effort is complex and expensive. Its annual budget is over $10 mil- 
lion, and there are methodological difficulties endertiie to a retrospective 
study as large and novel as the Crime Surveys. In an effort to reduce those 
100 diincnlties, the Knc Committee on National Statistics was asked in 1974 to 
evaluate the National Crime Surveys in two principal ways; 

• Given a definition of objectives, bow good is tlie statistical method^ 
ology— how complete^ how accurate and reHable, how pereeptive the 
analysis, how carefu] Its dissemination? What questions can and cannot be 
answered by this technique? 
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• How niseJul are th^ results? Cafi tlie Cxim Suf vej'S improve oiir 
uiiderstan4iti|ol critnearid ml In atessirig its impact on sooiety? What 
ajfe the altem^tivesP 

A iO-mamber evaluatioii paiid vt^m formed that iiicludeJ people 
knowlcdgfiaWe l3i sociology, statistics, law eniorcemenf , p-olitioal selence, 
law, and econoinleg. 

Tlie flrst enmph^iis was on the objeiCtives ^nd m^thcds of the iiwveys* 
The panel hm leeii concernad, for exartipltfi that there is IrMufflcieiit 
aimlytical stalRng to interjrat tho data gaihejed by field jnteryitisvcrs. It 
hm also mil^mpt^A to iiiterpret tie elfects d vnri^JUi types of "^errors;' For 
instance, %vliat is th€ efieet of ''telescoping '--fl vMm mentally dlstortitig 
the tinio alap^ed between m inciderit o^id 3 rajort ta> th< intorvie^^ 
mc ©vftluuitioii pftn^l hm mainimd varioits efioris M meastire the nnftgini- 
tilde of taleseopiJig OTdlts efF^ctsnri tlaf a MliaJbllityp 

Tilers ii also the prediotahle fact tlint n sitnf 1)^ will net always 
tell the iiitervlev&^er iibout ii crime. One '^vaj' tci gauge th^t affect js Ihioiigh 
a "rev^crse record check" In which a femotpii vHctim f-^ intervie-^vecl and his 
aiiswers coiripared to the record. Although this method Is a valuable 
research tooU th^ evaluaticin panel cautloriod iigalns^ the btiilt^n biases of 
these checks^ e.g., thai kmim victims mgiy mot be mpresentatiVD of 
victims. The panel dsa pohitcd cut that 

it seems liMy'tliEit iriQidontnvhicIi luid to tlu* poUee WDtild 1)0 

more likely to bo s"ccallecl aiul meiitioined to siJrvey JntefVieWefJii partly 
bccausd they are moru likely to be (loth oblcctlvely ^nd sulijaettvcly) more 
serious, and jiartly Ijueflus^ ot tho f net of hawing callecl tlie jolitts given 
details of i\\o InoMent , . . might \)mk the event more sullent to dm survey 
responcleriti 

An i^ni© related to the reliability of vietlJns*' responsa^ iJ tliat of 
*'slrm^Br*^urime.Tlie €juestlon i.^a -^Inijle mm Am yiHUnoro Itkoly to to 
victimtoclby a Htriinger or l)y iiomoorio you know? Adviin^ stirvey re* 
porti itulicat* that in violent crimes^ t3ie <tiwiinal is rmor^ likoly ta be a 101 
stranger to the vlutini, This seenris tocoiitr^dict tlio knwn an<l freqiiontly 
v€rlfie<l faot that, in mcst tniiiders, the viDtIm anil the attaoker knew each 
other, 

Auontralissiiojn the nrcs *DvIew,,wiiUhor^Ilsihility of tlie interview 
technique Itself, pMlests— Iho Mverse record ehockii nnoritioriod above-- 
seemacl ta in<liD^to that mmt vMm \*oivld wultuit^or Inf orrtiatioit about 
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eritties to interviewan. The evaluation panel examined this conchision and 
in a W7S quarterly raport pointed out that 

undluneportitig of assaults In the pretest was about 25 p^oent in die oaie of 
"stmngef crimes md about 80 percent in case of ^oltat ao^ cocnnitttid 
among family tiieinberi. It seems clear that if this fom of bias has peKiited 
In the nntional and city surveys done to ddtm, it would bidly distort tiie 
repcrting of viotatit crlmo which actually obtains posily G%aggtf ate tiie 
risk of diose ^stranger ^imas** which the publio teari most 

Boiidas data coUection procmluras, the panel has ADught abaut who 
will USD the infonnatiQn and for v^hat. It strongly recomnianded diat the 
data be catalDgued so that it yan bo merged with tnf onnation on nai^bor- 
hoDcIs— niedlaii income, population deniltys family size, ethnieit)^ — avail- 
able from 1970 census tracts. Without gaographle information of this sort, 
the panel cammented in a 1975 report^ 

oiin cannot ask, for o?saniplt% "Is thare a clifferenee in vlctimlMtion rates of 
el(It*rly persons who reside in pfcdomlnftntly young nei^borhocda as com- 
piired with aldcrly persons ^ho realdo in senior eitlica nelghborhcodsP" Or 
''Arc victimiziitiQn rates higher or hwQt in rdoially integrated neighborhoods 
thiui ill racially segfcgatud ones?'* Or **Atm people more or tei likely to be 
victjmi?:ed In thoir own liomos if tlie population density in their neighbor^ 
hoocis is high?** 

Such inforniatioTi of no small Import in the jtidgmants svm maka on 
the state of society and our personal wall-balng, As Albart Bidanmaii, of 
the Biireuw of Social Sgience Eeseareh Inc* and a mennber of the Panel for 
the Evaluation of Crime Surveys, haa written, 

wv iviu\ to H%mil the Inclcleiioc of crimt* a^ prubably the most critical nianl- 
ft\«itation of the failure of social organlifttion, Crime Involves a rejection of 
the moral code of the society, Varicus popular theories contend that an 
liicrtuispd i!icldcnee of crime ln<llcftted the failure of society to fimction 
propiTly; 11 ducreascd inclcluncc. a niore i^lfecttvu soeioly. 

102 p i\m\ fur thu Evaluittion of Criing SurveySi Committeo on National 

Statiitic.% Aiseinhly of MiUlinnrntipal and Fhyslcfll icieneei, Fane] 
Clminnftrii Conrnd F, Tneiibef of eeorgetora tJntvefiltj^i Stflff Dir«?c- 
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atmospheric chemistry- 
chloeofluOmOmethanes in the 
stkatosphere 



Tha issue of chlorofluoroinethanei (cfms) and theii putative erosion of 
siiatospherio ozone is resolvable for dlicusslon's salce into leveral ques- 
tions: Is the basic contention iclentifically reasonable and sufflciently stip^ 
ported by available data? Are there ^'escape routes" that might nnitigate 
or block the attack on ozone by chlorine released from cfms? And, aisum- 
ing the first two questions— within the range of uncertainties— are respcc- 
tivaly answered yes and nOj how urgent is the probleni? By how much is 
the OEone layer reduced with time, what gue the lllcely consequences oi 
suoh rediiationSj and what are the follow-on implications for regulating the 
release of CKMs to the atmosphereP 

THE ISSUE 

There is little argunient with the fundamental tenets t cfms do accumulate 
In the troposphere (they have been measured); apparently, a significant 
proportion does enter the stratosphere (again supported by several recent 
measurements); cfm bonds (as measured in the laboratory) caii be rup- 
tured by ultraviolet radiatioii In the middle stratosphere— some 20 to 
50 kilometers (12 to 30 miles) overhead; and, finally, once cwm are photo^ 
lytically dissociated^ they do release chlorine atoms that (at least in the 
laboratory) catalyze a two-step chemical reaction whose net effect is the 
destruction of two odd oxygen molecules, atomic oxygen (O) and ozone 
(0,,). A chlorine atom is also regenerated , which, until removed frorn the 
stratosphere, can catalytically destroy thousands of ozone molecules. 

ESCAPE UOUTES 

If that basic scenario is taken as valid, the next question is whether the 
scenario Is altered by events in the troposphere or the stratosphere. The 
fact that mmmred amounts of cfms in the troposphere are roughly equal 
to the summed production to date is almost prima fade evidence that 
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CFMS remain in the troposphere for years and are not removed very 
rapidly, cheniically or physlcdly, 

Onca Toleaied by stratospheric photolysiSs chloriiie canj aside from 
ozone, react with any number of hydrogen-containing materidi present 
in the atmoiphere— mathane (CH^), hydrogen (HJ, hydrogen peroxide 
(H^O.,), or hydroperoxyl radicali (H02)~to fomi hydrochloric acid (HCl), 
vvhlch, upoii drifting downward^ is eventually washed out by tropospheric 
rains* 

But these reactions are apparently too slow to compete eflfectively 
with the attack of chlorine on ozone, As measured In the laboratory^ the 
reaction of chlorine with ozone is 1,000 times more probable than its 
reaction with variqus hydrogenous molecules* Moreover, even if hydro- 
chloric acid Is f orinedj chlorine can be regentrated by inbsaquent reaction 
of HCl with hydroxyl radicals (OH). The formation of HCl Is faster (sev- 
eral hours) than its dlssolntion by hydroxy! (a few days)j with consequent 
reappearance of chlorine and start of another ozone'depleting chain. 

The rate of the reaction of hydrochloric acid with hydroxyl depends 
on the concentration of the latterj and that in turn depends on the rate of 
reaction of OH with HO,. That OH + HO^ reaction^ effectively a scavenger 
of hydroxyl radicals, can slow the regeneration of chlorine from hydro- 
chloric acid by OH and tliereby reduce the rate of ozone destruction. 

Measurement of the rate of reaction of OH with HO^ was one of 
several research recommendations of the Interim Report of the Panel on 
Atrnospheric CJwinistry, issued in July 1975.^ The purpose of that report 
was to 

focus attention on a number of important atniospheric and laboratory studies 
that will aid in assossiiig the extent to ^^'hich chlorofluoromethanes and other 
anthropogenic halogen-containing compounds will affect the ozone layer in 
the stratosphere* f 

i\iide from informed judgments relying on what is known of chem- 
istry and transport in the atmosphere^ there is the possibility of the 
unsuspected: reactions occurring in the troposphere oi itratosphfre that 

' Inturlin Rupovt of thv Panel on Atmogpheric Chemistry. Natioiial Aeadeniy of SdanceSj 
Washliigton, D.C., 8 pp. 
} Ibid., p. 2, 
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remove chlorine rapidly enough to put ozone reduction below the potefr ' 
of concern. Such a drnts 0^ machim is dlffloiilt to rule out, since that 
requires the consideration of all possibilities, with the implicit poisibility 
that a critical factor may be overlooked. An ideal test w^oukl be a precise 
materials balance— i.e., ineasiirenient of the concentration of relevatit 
atmospheric constituents and coniparison with what has been released 
into the atmosphere. Another way to search out possible stratospheric 
sinks for both cfms and chloriiie is to compare observational measure- 
ments at different altitudes— e.g.^ of chlorine and chlorine oxides— with 
predictions by different models. Observational and predicted residts 
should deviate appreciably if Important chlorine-reirioving reactions are 
not included in the models used to calculate the effects of cfms on ozone 
levels, 

Aside from these specific considerations— removal of chlorine as HCl 
or the possible eKistenee of unknown sinks— there is the complexity of the 
stratcsphere itself. It has little wind, few clouds, and is populated by a 
wide assortment of chemical species: ozone itself, at less than 1 part per 
million; oxygen (molecular, various excited atomic forms); nitrogen oxides; 
and free radicals and other unstable chemical species. There are also par- 
ticles of varying size and composition adrift in the stratosphere, and tlielr 
participation and role in reactions affecHng ozone are still under study, 
In any ease, precise descriptions of stratospheric events are very difficult 
For example, as an nrc report, Enmronmmtiil Impact of Stratqspfwric 
Flight^^ pointed out: *'It requires seven chemical reactions to give a mini- 
mum statement of ozone chemistry. Itreciulres 30 to 50 reactions to carry 
out a cjuantitative treatment of stratospheric cliemistry. . . 

The character of the ozone layer adds to the complexities. There are 
gross variations in ozone levels^ both in time and in latitude. There are^ for 
example, daily changes of S to 10 percent^ depending on season; annual 
changes of 5 to 25 percent, depending on latitude; and, superimposed on 
these, longer^ less regular changes in nieun glohal concentrations possibly 
extending over a decade or two^ with the trend in the sixties a rising one 105 
followed by a general reversal in the seventies, But the cyclical changes 

* National Research Council 1975. Envimnniental Impact i)f Stratospheric Flight. National 
Academy of Sciences, Washington, D,C.,p, 119, 
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in Qzom levels are really tangential to the probleiji raised by the proposed 
interventioii of cfms In the stratospheric ozone cycle* 

The isiue here is direct interfareiice with natural phenomena^ a 
uniq^ue, averagedj unidirectional change in stratospheric ozone* A helpful 
analogy is another ^obal condition that fluctuates dailyj ieaionallys and 
even cejitenni^ly^temperature. There is reasonable evidenca that a 
change in nnean global teniperature of 1 degree or less can have significant 
efiFeoti; differences in mean global temperatures between a full ice age and 
todays clinnate are 4 to 6°C,* While reasoning by analogy Bas its faults, 
the evidence of global temperature is a useful model for clarifying the 
signiflcance of a systematic change In ozone levels induced by cfms. 

Our lag in understanding stratoipheric processes is evidenced by the 
fact that only vvithin the past 10 years has the role of nitrogen oxides as 
a sink for ozone become known and iinderstood. However, considerable 
progress has been rnade in the past 3 years through the Climatic Impact 
Assessment Program (ciap) of the UJ. Department of Transportatioii, 
created to study the effect of jet aircraft emissions on ozone cnncentrations 
in the stratosphere, 

The ciAjp results— as well as the various models of ozone reduction 
that have been prepared and, especially^ more recent laboratDry and 
observational nneasiirements — v/ill be used by the Panel on Atmosplieric 
Chemislry in making a judgment, within the range of uncertainties^ of the 
exis tence of chlorine sinks^ major and minor, and their likely effects on the 
extent of omtw reduction. 

WHAT TO DO 

If the scientific inquiry and the measurements iiphold the basic conten- 
tion-, if no compelling evidence for alternate chlorine removal processes 
in the troposphere or stratosphere are found, and if the predicted extent 
of omne r eduotion is significant, then the issue becomes one of what to do. 
106 Of course^ there is a spectrum of choices availablej premised on a 

gradual reduction in the manufacture and use of cfms. But at what rate? 
With what timetable? For what uses? 

The toiichstone in responding to those questions is the extent of OMne 

• Reid Biyscn. A pcripocHve on climatie chnnge, Sdeiice Ifl4i753. 
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rediictioil and the time scale in which it happens. This depends on several 
thingi, Including the rate of cfm transport to the stratosphere (very slow 
and estimated at about 1 percent per year) and the ffactlon of cfms 
fnjected into the tropoiphere that ii removed before it readies the strato- , 
sphere (now thou^t to be very small). 

The slow atmospheric transport of cfms and their extraordinary sta- 
bility until they reach the middle stratoiphere means that Aeir effects on 
ozone levels can, in principle, continue into the next millennium, even if 
CFM me is stopped immediately. The question is thus what the extent of 
ozone reduction is over time, and what differences various timetables for 
reducing or ending cfm use will make in that level 

Several investigators have calculated the probable extent of ozone 
reduction with time, and, while they differ, the differences are not greatj^ 
being at most a factor of two or three. The v^iations result from different 
assiinnptions about factors such as rate constants, photocheniical behavior, 
and the rate of vertical transport into the stratosphere* Most of the trans^ 
port calculations use an empirical model— eddy diffusion— that describes 
vertical transport but says nothing about horizontal circulation, simply 
assuming a very rapid horizontd spreading, The eddy diffusion model is 
derived from the measured transport of trace materids in the atmosphere. 
It has been used to estimate the rate of reaction of nitrogen oxides with 
orone and atomic oxygen by incorporating into it the known chemical 
reactions of the stratosphere. The results have been reasonably good; how- 
ever, three-dimensional niodels may eventually provide a more accurate 
treatment of the natural ozone cycle as well as of the cfm problem, 
although arguments can be made about how significant the improvements 
will be. 

Quite obviously, as confirmed by the Interim Report of the Panel on 
Atmospheric Clwmkirtj, there Is a wide range of data and measurements 
that would be useful In shaping the Panels Judgments and recommenda- 
tions. The Panel must determine the probable extent of ozone reduction 
and identify and estimate the sources and ranges of uncertainties in diat 
daterinination. The Committee on the Impacts of Stratospheric Change 
will then devise recommendations based upon the Paners results, includ- 
ing the various uncertainties. As Gordon MacDonald points out in his 
essay (pages 11H20), uncertainty, complexity, and the often antithetical 
demand of decision makers for firm yes/no Judgments are virtually 
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endemic to technological decision making. The situatidn in regard to the 
effect of chlorine from man-niade sources on the ozom layer is no differ* 
ent; indeed. In the future this issue may be viewed as a model of how the 
teehnical cominunity can render effective advice to policymakers on issues 
that ripple through society and affect a significant portion; of our 
population. 

Panel on Atmospherie Chemistry, ComniUt^ft on tha Impacts of 
Stmtospheria Change, Aisembly of Mathematical and Physical 
Sciences; Panel Chairmani H, S. Cutowsky of the University of 
Illinois at Urbana-Ghampaignj Staff OfRe^r, Bnica Gregory* 
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Science 
Advice on 
Environmental 
Regulations 

Science advice In the middle of the 1970s differs in fundamantal ways from 
what it wai in the 19SOs and 1960i, which some consider the golden era 
of science advice. The scientiflc issues then Inckided ballistiQ missilas, 
nuclear waapons and nuclear energy^ the space propamj ocaanography, 
and higii-energy physics. All required very substantial government expen- 
ditures, The involved industries were for the most part not labor^ntensive, 
rarely had large consumer markets, and were closely wedded to govern- 
ment action, since they and their employees were dependent on govern- 
ment contracts and subsidies. Scientists were often Intensely involvad in 
the formation of government policies aflFecting further development of the 
space program, oceanography, high-energy physics, and similar scientiflc 
and tachnieal programs. 

There wai^ in effect, a tightly knit community of common purpose: 
several major industriei, the scientiflc and technical communityj and vari- 
ous govermnent agencies and congressional units— all interested in the 
furtherance of a variety of scientiflc and technical ente^rises, 

But these programs— and the scientiflc advice that helped shape 
them— had little impact on the day-to-day activities of most Amerlcaiis 
and actually directly affected relatively few, Even thou^ billions of doU 
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lari were spent oii highly visible technological enterpriseij the only real 
involvement for most citizens was in the taxes they paid* 

The regulatory environnient of the 1970i changed that The kind of 
cars we drivsj the quality of our air and waters^ the eflBcacy of ow medi- 
cinm and drugs, the kind of pesticides sprayed on cropSj or the siting of 
an electric power plant are all affected in some way by regulatioas that 
have come into force in the past several years. 

Our lives are now influenced directly by decisions of the regulatory 
agencies and by explicit regulations in legislation, Correspondln^yj scien- 
tific advice impinges more directly and more meanin^ully on the cltizan 
in the mid4970s than It did in the 1950s and 1960s. 

Of course, regulatory legislation is not a new phenomenonj n&r is 
associated scientiflc advice. The Food and Drug Act was passed In 1906; 
the Insecticide Act in 1910. The 1938 Food^ Drug, and Cosmetics Act 
focused attention on the possible dangers to the public from the increas- 
ingly complex food industry. The Federal Insecticide, Fungicida, and 
Rodenticide Act of 1947 furthered Interaction of science and regulation, 
But these laws were only a prelude to the crescendo of regulations to corne 
from legislation passed in the late 1960s and early 1970s. 

That the new regulatory setting would provide new di£8cultiei for 
sciance advising was foretold in 19S3 by the highly publicized case of the 
AD-X2 battery additive, which pitted scientiflc Judgment and analysis 
against acceptance in the marketplace. A vendor of a chemical that v/m 
supposed to extend the life of storage batteries was challenged by govern- 
ment agencies, including the Federal Trade Commission. The nc Mrgiiad 
that the product had no merits according to tests run at the National 
Bureau of Standards. The vendor provided testimonials from satisfled 
customers and was supported by the Secretary of Commerce and other 
poUtlcal leaders in his opinion that customer acceptance was the raal test 
of the value of a product. The regulatory agency felt that the law com- 
peHed it to use scientific evidence to protect the public by eniuring the 
112 quality and reliability of commercial products. But at that time political 
leaders felt that science should not be concerned with regulatory xwatterSj 
auid the vendor s position was upheld* 

The complexities of today's regulatory decisions makes the AD-X2 
caB0 a model of simplicity, For instance, regulations on permissible auto 
emission levels afiFect a very substantial fraction of the nation's total econ- 
omy and employiiient, and they have multiple international consequences 



120 

o 

ERIC 



SCIENCE ADVICE ON ENVIRONMBNTAL REGULATIONS 



involving not only balance of payments but overall international trade 
stability. 

As the AD-X2 case w^arned us, implicitly technical questions are not 
always reiolved on technical grounds. This remains true today, While 
scientific advice can be a useful guide to the decision m^er in promulgat- 
ing regulations affecting a good part of the population, it is not invariably 
the final arbiter, 

NEW INSTITUTIONS AND NEW PROBLEMS IN 
ENVIRONMENTAL MANAGEMENT 

To gain a better perspective on the regulatory arena in which science 
advice is now sought and given^ it is helpful to exainine briefly the genesis 
of environmental laws enacted within the decade. 

Spurred by Rachel Carson s poignant Silent Spring and otiber works, 
political leaders in the congressional and executive branches in the 1060s 
Intaniifled their interest In environmental problems. An example of this 
Interest was a landmark study in 1965 by the President's Science Advisory 
Committee (piAc), Restoring the QudHy of iJie Enmonment. While 
clearly pointing to the need to increase the effectiveness of our regulatory 
base for environmental management, the study also strongly recom- 
mended a careful investigation of a *'tax ' system in which all polluters 
would be subject to 'effluent charges in proportion to their cQntribution 
to pollution/' While many of the recommendations of the psac study were 
acted upon, this particular one is still dormant, with the net efiEect that 
today's management of the environment has been given over to the regu- 
lators- i.e.j rather than flnancial levies used to dampen pollution levels, the 
tack is a regulatory one that specifles allowable pollution levels--typically, 
ambient air quaUty standards are the basis for emission standards^ which 
in turn are ultimately enforceable by the federal government and the 
federal courts. 

A major element in setting the nation's environmental posture and in 
spuwlng analysis of programs and policies affecting the environment was 
the National Environmental Pohcy Act (nepa), passed by Congress in 
1969 and signed into law by President Nixon on January 1^ 1070. Sec^^ 
tion 102(2)(C) of nepa requires a comprehensive assessment of the wider 
and less easily measured environmental impacts of federal actions and 
policies. 
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NEPA wa^ drafted as an adminlitrative law in the sense that it requires 
federal agenol^s to '*taJke into account'* the wider and longer-teOT conse- 
quences of their actions. What was not clear from tibe legiilative history 
or from nepa itself was whether ''to t^e Into account*' was a procedural 
or substantive requirement* Subsequent court ruUngi have left this 
question open* 

The nepa eKperlence has encouraged analysts both inside and outside 
government to devise new techniques for project evaluation and to em- 
bark on a novel interdisciplinary deeision-niaking process, However? mmy 
of the advantages of impact analysis, both red and potential^ have not yet 
been assimilated in the decision-m^ing process in the ragulatory environ- 
ment. Because of what is seen to be noniubstantive eonsiderations ^uch as 
congressional jurlidlction^ the regulatory process itself has been exempted 
from the requirements set forth in section 10£{2)(C) of nepa. As a result, 
many opportunities for science advice exist in a different forum and format 
from those provided by nepa. 

Moving In sympathy with the forces that created nepa were intense 
pressures to remedy the serious weaknesses In environmental managamsnt 
that were described in the piAC report and by various public and private 
groups. Congressional leaders wanted reforms. A presidential commission 
headed by Roy Ash, citing dispersion of environrnental regulation among 
a large number of federal agencies and subagencleSj recommended the 
creation of a new agency with broad regulatory powers. In 1970, the Envi- 
ronmental Protection Agency (epa) was created to take over the functions 
of a large number of imall regulatory units in the government. 

Shortly thereafter, the President signed Into law the Clean Air Act 
Amendments of 1970, Thus, the fledgling agency was faced with the 
immediate task of creating and then enforcing a vast variety of regulations 
to control air pollution at the same time that it was organizing itself. 

The cQincidental creation of the epa and the passage of the Clean Air 
Act Amendrnents influenced. In a major way the development of the 
114 agency's regulatory philosophy. For examples the Clean Air Act required 
that primary air quality standards be set to fully protect the public health 
and that these standards contain an adequate margin of safety. In man- 
dating these standards, the law assumed a threshold concentration for air 
pollutants below which there are no adverse health eflFects, But the wis- 
dom of that assumption has been questioned. For example^ it may be that 
susceptible people e^chlbit adverse health effects at concentrations below 
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primary lunbicnt air standartls aiid even down to naturttl baakground 
levels* 

However, the legislated reciulremenl to fully protect the public health 
and the assumption of threshold concentrations at an early stage closed 
down other approaches to setting standards, For ex4unple, given more 
leeway, the agency could have adopted a cost-benefit-risk approach to 
standard setting. Rather than setting specific levels, a continuum of prob- 
able hejJth risks for various segments of the population and control costs 
could have been established, and regulatory enforcement policy could 
have been set accordingly, An attempt could have been made to l>alance 
costs against health risks, 

COST-liENEFIT--HISK ANALYSIS 

Of course, while the cost4jencflt-risk approach is attractive, It Is often 
very difBcult to apply in practice, Basically, It is much easier to calculate 
control costs than to assess in some quantitative way the benefits of avoid- 
ing health risks. But, in spite of the diffleulties and the axiomatic point that 
one cannot measure environmental health solely In terms of dollars since 
one cannot price what is inherently priceless, cost-beneflt-rlsk analysis 
does have the advantage of avoiding generalities. It focuses attention on 
dollar decisions. Since regulatory decisions can have vast economic con- 
sequences, this kind of quantitative analysis has the value of bringing 
together factors affecting costs and benefits in an organized way and thus 
facilitating debate on the adequacy or inadequacy of regulations, 

Cost^benefit-risk analysis has the further value of making explicit 
fundamental underlying assumptions, Some have argued that where the 
health of the public Is concerned, money is no objects ''We must tdce every 
precaution^ — we cannot afford to compromise on the nation's health/* 
However, costs are associated with every regulatory decision, and the 
most effective overall environmental program tries to put each dollar 
where it will add most to the total effectiveness, The emphasis should 
not be on cost, but on cost and effectiveness together. 

But these sorts of cost-beneflt-risk benefit considerations have been 
deemphasiEed by the evolution of the threshold concept, which, In turn, 
was essentially forced by the requirements of the Clean Air Act, Still, these 
considerations are — or should be — ^Important in assessing the overall bene- 
fits of regulatory programs, For example, the control of emissions from 
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aiitoinobllcs will involve iiuHoiiul expenditures niuasured in billkms of 
dollars a year, though relatively little ui' this will be ^pcnt by the federal 
government. While these costs do not show up in the fedcrul budget in the 
same way as sewage treatment plants do, they are Just m reah In consider- 
ing such expenditures, we should examine whether an additional billion 
dollars a year spent on controlling oxides of nitrogen from moving sources 
will be as effective in protecting human health as the same amount spent 
on controlling oxides of nitrogen from stationary sources* Or^ would such 
an expenditure bo more valuable to the overall health of the nation if it 
were employed in eontrolling the dispersion of toxic materials in the 
environment? 

An examination of the marginal costs and effectiveness of various 
alternatives may be even more important in the legislative process than 
hi the regulatory process, since regulations codified into law are difficult 
to change* For example, as mentioned abovej the Clean Air Act requires 
that the epa Administrator protect the health of the public with an ade- 
cpiate margin of safety, an implicit regulation. The same act also requires 
a 90 percent reduction in automobile emissions within a specifiad time^ an 
explicit regulation. 

These legislated timetables and goals have led to the promulgation 
ot regulations to achieve short-term goals without concern for the long- 
term implications, The legislated strict automobile standards with short 
deadlines influenced if not actually forced the automobile industry to 
follow one particular technology, die catalytic converter, without paying 
sufUcicnt attention to alternate technologlei that perhaps offer greater 
promise for the long term, Short deadlines for municipalitiei in meeting 
sewage treatment reqiilrementSj as required by the Water Pollution Con- 
trol Act Amendments of 1972, led to replications of past technology and 
little or no incentive to find better methods. Legislated time pressures 
have kept epa from preparing a multiyear plan that weighs regulatory pro- 
grams and their marginal costs against various technological options. 
1 10 Planning for the future will require the careful analysis of the con- 

cept of threshold for health effects^ the examination of technological 
options to achieve health standards, and the consideration of the long- 
term impacts of regulatory decisions. At a more fundamental level, the 
whole issue of whether regulation is the most appropriate tool to manage 
the environment should be seriously questioned. Other management tools, 
such as the use of effluent charges, need to be critically assessed. Other- 
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wise, we inay be frozen into an unmanageable system with an ever 
growing reguhUory buraaucnicy. 



ENVJHONMENTAL ANALYSIS 

Whatever tlie process for making regulatory decisions affecting the envi- 
ronment. It should be done within as broad a context as possible, This is 
where scientifle advice can perhaps be most helpful In most casesj deci- 
sions involve elements that are part of a larger system, and good decisions 
recognize that fact. For example, regulatory decision! on effluent limita-^ 
tions of sulfur oxides from power plants should take into account the need 
to dispose of the solid wastes generated by stack gas scrubbers^ the inter^ 
action of sulfur oxides with other components of the atmosphere, and the 
possibility of forming 'secondary'* pollutants whose adverse effects may 
be even greater than those of the sulfur oxides. The costs Involved, the 
availability of the technology, and the implications for economic health 
of the affected region are also elements that require analysis. The electrical- 
power-generating plants emitting sulfur oxides are but one part of the 
larger, interrelated system. Rational regulatory decisions cannot be made 
without an understanding of that overall system. 

The kind of environmental analysis required is not found in a single 
discipline. The analysis is not physics, engineering, mathematics, biology, 
medicine, economics, or political science; yet it will involve elements of all 
the.>e disciplines. Environmental analysis requires much more a* frame of 
mind than a specific body of knowledge. Like any good analyst, an envi- 
ronmental analyst must be a relentless inquirer, asking fundamental 
questions about the problem at hand. 

Environmental analysis is not a panacea for problems of environ- 
mental management, Most environmental issues are highly complex, with 
variables of unknown or uncertain magnitude. No study can account for 
all the variables or quantify all the factors involved, but good environ- 
mental analysis can be an aid to judgment by clearly deflning issues and 
alternatives, by indicating uncertainties in the data when such uncertain- 
ties exist, by clarifying underlying assumptions, and by further Indicating 
the probable cost of hedging against major uncertainties. 

A good analysis is characterized by openness, explieitness, objectivity, 
the use of empirical data, quantification, and a self^wrecting character. 
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At the same time, it should be recognized that many of the underlying 
assumptions are either not rigorously veriflable or cannot be verified at all. 
Many of them involve value Judgmenti to be made by policymdkers as to 
what an uncertain future'li likely to be or should be. The point of environ- 
mental analysis is not to give the answer but rather to show how the 
answer depends on various assumptions and judgments. 

For example, the analysis of the costs and benefits of automobile 
pollution control strategies is not scientiflc in the same sense as physics or 
engineering, In important ways this kind of analysis draws upon the scien- 
tific method, using that term in its broadest sense; however, this fact does 
not make it scientiflc, 

As in other flelds of analysis, the assumptions drive the conclusions, 
There can be no doubt about the fact that there is not a sin^e *"right" set 
of assumptions, but only a variety of relevant assumptions^ each more or 
less equally defensible, Ultimately, all environmental policies, and regu- 
latory decisions, are made on the basis of Judpnent; there is no other way* 
The real issue is whether Judgments have to be made in a fog of in- 
accurate data, unclear and undeflned issues, conflicting personal opinions 
and hunches; or whether they can be made in the clearer atmosphere of 
relevant analysis and experience, accurate information, and well-defined 
issues. 

Quantitative environmental andysis is possible even if there are un- 
certainties. And rather than concealing uncertainties, a good analysis will 
bring them out and clarify them, There is the obvious tendency to ignore 
important nonquantlflable factors, but this failing is less likely if a sys- 
tematic approach is used in the analysis. The analysis must lay out clearly 
the assumptions^ uncertainties, and calculations so that both the decision 
maker and the critics can see what was done and whether the analysis 
overemphasized quantitative factors, Good documentation of the analysis 
IS essential If the regulator is to know which factors were used and which 
were neglected. 

118 A good example of an analysis ih which there were large uncertainties 

but that still clarified the basic issues was the 1974 nrc study, The Costs 
and Bemfits of Automobile Emission ControL^ Despite the lack of '*hard'* 
data, the study did arrive at a ballpark estimate of the damages resulting 

• National Research Council. 1974, Air Quality and Automobila Emission Control. Vol. 4» 
The Costs and Benefits of Aulomobile Emission ControL U J. Govtrnment Printing Offle©, 
Washington, aC. 
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from avitoniobile emissions and did provide guidance on the most eco- 
nomical strategy for controlling these emissions. 

NEED FOli INDEPENPENT ANALYSIS 

A soand environmental analysis also contains a recognition of the built-in 
institutional biases of various organizations that have a say in regulatory 
decisions. The Environmental Protection Agency lias a legal responsibility 
to protect the environment and in so doing will have an institutional slant 
towards environmental protection. The Department of Commerce In com* 
menting on regulations will have a different institutional slants one pro- 
tective of business and industry, The Treasury Department will be less 
concerned with the esthetic benefits of emission control but will empha- 
size international trade impacts, The OflSce of Management and Budget 
In its coordinating function will bring still a different view, with concern 
about the macroeconomlc consequences of a particular regulation and the 
impact of that regulation on employment and overall economic welbbeing. 
Others will examine regulations from a pohtical point of view* The agen- 
eies can call on outside consultants, but they are more likely to use those 
consultants who reflect the ageucies' biases. In light of this, it is important 
that regulatory decision makers have independent analyses available to 
them. 

Clearly, no group is completely free from bias, but freedom from 
biased institutional settings can help. This does not mean that the analysis 
proceeds without consulting with experts associated with various institu- 
tional points of view. But it does mean that the final analysis should be 
done in a setting as free from institutional biases as possible. The nrc~ 
with its stringent selection of committees, its personnel, its bias forms, and 
its review procedures— provides an institutional base that is as indepen- 
dent and free from bias as is realistically possible. 

Over the years, the nrc has presented to decision makers in the execu- 
tive and congressional branches rigorous analyses pertinent to regulatory 119 
decisions. Some of the perils of that process are illustrated by the report 
of the May 1975 Conference on Air Quality and Automobile Emissions. 
This report, which drew on 4 years of efforts by various groups within the 
nrc, gave conclusions distasteful both to the regulator (epa) and to the 
regulated industry. The analysis, which was open and documented, in- 
cluded many conflicting points, such as the state of development of the 
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three-way catalyst^ the savhig associated with implementing a two-car 
strategy, and the health benefits of reduced carbon monoxide and hydro- 
garbon emissions, 

Perhaps predictably but still surprisingly, since the report essentially 
rfeafflrmed judgments given in previous m\c studies, there was consider- 
able criticism^ principally from senior offlcials of the automobile Industry, 
These criticisms were carefully examined and answered In a supplemen- 
tary statement issued in late July 1975. None of the judgments in the 
orlgiiial conference report were changed, 

Finally^ in considering the role of scientiflc advice and analysis in 
environmental decision mdcingj it is well to recall that laws and regula- 
tions are not always drafted with sole concern for scientiflc facts and 
realities, These decisions are often highly political andj therefore, subject 
to intense political pressure, They can^ in fact, affect a large fraction of 
the population, and as a result the decision maker is buffeted by the atten- 
tion of the public media, These pressures often result in decisions that rnay 
appear to be intended to anticipate public reaction rather than flowing 
from a rational analysis. The public may not be well informed, and the 
anticipated reaction may or may not conform with the analysis provided 
by either independent or governmental groups. This may not appear to 
be the most rational approach, but it is a reality of the decision-making 
process* 

CONCLUSION 

It is commonly held that most environmental issues are too complex to 
be understood. The fact is that every effort must be made to understand 
them. This requires both analysis and judgment. Analysis by itself cannot 
answer many questions that may turn out to be the most important factors 
in any decision. There are also questions that cannot be answered by Judg- 
ment and experience alone. A mix of judgment and analysis is essential 
120 if we are to have better regulatory decisions. The development of the 
methodologies and analyses of the kind described above can help restore 
public confidence in the wise use of the scientific method to deal with 
Issues affecting a large fraction of the public. 
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ANALYTICAL STUDIES FOR THE 

U.S, ENVIRONMENTAL PROTECTION AGENCY 



The National Environmental Policy Act (nipa) of 1969 declared it the 
policy of the federal government 

to use all practicable means and measures, including financial and technical 
assistance, in a manner calculatecl to foster and promote the general wel- 
fare, to create and maintain conditions under which man and nature can 
exist in productive harmony, and fulfill the social, economic, and other 
requirements of present and future generations of Americans. 

NIPA s goals were seconded by a troop of envlfonmental laws: the 
Clean Air Act Amendments of 1970, the Federal Water Pollution Control 
Act Amendments of 1972, the Noise Control Act of 1972, the Federal 
Environmental Pesticide Control Act of 1972, the Safe Drinking Water 
Act of 1973, and others. All these laws matched broad federal enforcement 
powers to stringent standards and deadlines. They effected remarkable 
changes for a society that historically had equated econon^lc growth with 
progress: sharply reduced auto emissions, virtual banishment of ddt and 
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other persiHtent pesticides, all the nation s waters swimmable by 1983, 
assessments in advanQe of Hie environmental impact of new governmental 
actions. 

The laws were responses to a twentieth eentury "tragedy of the com- 
mons"— overuse of what is not priced, **Since we have not been able to 
assign private property rights to all the air and water," wrote Edwin 
Haefele, a political scientist, "we have owned them in common and cared 
for them least." 

The new laws departed from the bottom-up mode of environmental 
decision making inherited from English common law. Instead, they enun- 
ciated national goals from which objectives and alternative ways to 
achieve them could be developed, The problems inherent In top-down or 
centralized decision making were often recognized, and opportunities for 
midcourse cnrrections of poorly choien goals were provided, The legisla- 
tive hearings were often lengthy and the laws complex and detailed in 
their mandates; the 1972 amendments to the Federal Water Pollution 
Control Act gestated for 3 years, cover 89 pages^ and are exhaustive in 
detail. 

But still iione of the environmental laws passed In the 1970s said how 
to do it; the technological route was left the regulatory agency. What is 
the best pfacticable technology for controlling water effluants? Are cata- 
lytic converters the best way to achieve mandated auto emission levels 
within a specified time? What standards should be set for various indus- 
trial effluents to nfieet water quality standards? Which pesticides should 
be banned, and which should not? What are acceptable noise levels for 
new construction machinery? Are tall stacks a valid way to comply with 
the nation s wish for cleaner air? Are effluent standards the best approach 
in all cases, or might other incentives— such as effluent charges^ — be better 
under some circumstances? 

The new laws gave to the Executive the power to make decisions that 
are inherently difficult, that Invoke uncertalntiei, and that must rely on a 
122 well-reasoned ordering of scientiflc and technical information (which in 
any case is always incomplete and uncertain). The laws are pervasive and 
often have serious effects on national and regional economies, on the 
relationships of states to the federal government, on business planning and 
profits, and on the style of American life. 

The new laws have had difficulties. Some regulatory decisions have, 
in retrospect, been unfortunate ones, Legislative language has at times 
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Hcemed ambiguoiKs in Interpretution and unworkable in practice, Judicial 
review has in many cases~u.g., the mnt effectiveness of sulfnr oxide 
renioval from .stack gases, the adequacy of environTneiital Impact state- 
monts, the health effects basis for limiting asbestos fiber discharges into 
Lake Superior—superseded the decision-making proce^g, subjecting it to 
the limitations of the adversary process. 

There hm been substantial progress, Edbeit in scattered areas. There 
are measurable improvements in the quality of urban air, although in some 
urban areas primary health standards for air pollutants vv^lll not be met for 
many years. Secondary or biDlogical treatment for vvaste water is now 
more common, aUhough phosphate and nitrate nutrient levels are appar- 
ently increasing in many water systems. 

So it is against a backdrop of both real progress and continuing con- 
troversy over whether future benefits justify present costs that the nrc 
has undertaken a series of analytical studies of regulatory decision making 
by the U.S. Environmental Protection Agency, Five million dollars was 
allQcated for the effort by the Congress in the 1974 epa Appropriations 
Act 

The essential purpose of the Nuc studifes is to analyze the way epa 
makes decisions and suggest improvements, particularly in assuring that it 
makes optimal use of scientiflc and technical informationj reaching care- 
fully evaluated^ interpreted value judgments, clearly distinguished from 
facts, and making them available to politically responsible ofHcials in a 
timely manner and in a useful format. Given various ways of applying 
what we know~e.g., inathematical models for simulating the real world 
and predicting the effects of specific actions—what is the best we can do 
in carrying out the intent of the nation's environmental laws? 

The Academy s effort to assist the epa is composed of a great many 
pieces (Table 1). There is first an examination of the decision-making 
process itself ^ How has it worked in the past, as applied to specific situa= 
tions— e.g.j use of ddt against the tussock moth in the Northwest In 1974; 
fitting of regulatory options in the Clean Air Act to cadmium, vinyl 123 
chloride, and other chemicals; and regulation of automobile emissions? 
How might decjiions be made within an **ideal epa"? And how can they 
be better made in the real world without ignoring realities— information 
uncertainties, costs, social disruptions, energy supply, pressures from 
private Interests, and the political effects? 

Cost=benefit analysis in decision making will be explicitly examined 
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by the Committee on Environmental Decision Making. Cost-beneflt 
analysis is an old technique, used by government to assess actions involv- 
ing goods, services, or consequences for which the market has not set a 
price. An electrostatic precipitator or a secondary treatrnent plant has a 
niarket price, but a fractional reduction in particulate matter or a cleaner 
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river does not; government must, in effect, do the pricing and make the 
choices for the market, Of course^ cost-beneflt analysii in its grossest 
form—do the extra or nuirgiiial costs outweigh the marginal benefits, or 
don't they?— is simple common sense (if the data exist), It is in the shadier 
areas, where it is difflcult or impossible to evaluate the benefits or even to 
identify them, that the teahnique begins to run into trouble, 

The heart of the issue, as explained by Robert Dorfman of Harvard 
University, a member of the Committee on Environmental Decision Medc- 
ing, *'lies in deciding what benefits should be included and how they 
should be valued, The debate about beneflt^ost analysis centers on the 
question of whether the social value of benefits can be estimated reliably 
enough to Juitify the trouble and effort involved in a benefit-cost compu- 
tation/' That will be one of the judgments of the Committee. 

The fodder for beneflt-costs analysis is information. The Committee 
on Environmental Monitoring (cem) will consider how infonnation is and 
should be gathered, in what form, using what sort of selection criteria, and 
by what paths it enters and moves through the decision=making process. 
As noted by the Council for Environmental Quality in its flfdi annual 
report, there is % critical need for accurate and timely information about 
environmental conditions and trends, in order that important decisions 
alTecting environmental quality and natural resources can be made on the 
most infonned basis possible. The key word here is information, not just 
data," 

At flrstj considering the widely reported powers of analytical instru- 
mentation, monitoring seems to be an issue where answers outnumber 
questions, But this conclusion ignores the capriciousness of natwe, A mea^ 
surement of sulfur oxide levels must factor in the local weather when the 
measurement was taken, the location of the instrument (e.g., how near a 
power plant or highway?), the time of day, and the height of the instru= 
ment— at ground level or rooftop. Sophisticated monitoring must also 
allow for the transformation of pollutants by atmospheric chemical 
reactions, some understood and others not 

Monitoring without sophistication not only adds to contention but 
also can so confuse regulators that they may not know what action to take 
nor what the effects will be if they do act 

A corollary to the need for Intelligent gathering of data is the need 
to communicate it in a form that is usable to decision makers not sensitive 
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to the nuances of analytical chemistry. The probabilistic nature of mea- 
surements should be made clear, The understandable wish to collate data 
and condense it into a few numbers or indices, or even to a single value, 
may lead to deception, if the origin of the numbers, and their qualiflerSj 
is not made plain. * 

To monitor means to understand what to look for, and that means 
research, It means understanding the impact of chemical reactions on 
biological systems in rivers and lakes and the lesser known reactions in the 
atmosphere. It means being able to differentiate qualitatively and quanti- 
tatively between natural and man-made atmospheric components* These 
and other issues in research are being considered by the Committee on 
Environmental Research Assessnfient 

Particularly lacking are reliable indicators of the relationship between 
constant exposure to q low level of a spcciflc chemical and the biological 
response. "Presently available data/' comments a report of the Council on 
Environmental Quality^ 

on such health effects involve many uncertainties, For the most part^ these 
data do not enable the accurate identiflcation of pollutant levels which 
constitute the 'lower limits'* for producing such effects. Rather, most such 
levels have been necessarily estimated, often somewhat crudely, and possi- 
bilities exist that some present ambient standards may be set too high, 
Secondary effects^ including damage to property and vegetation, are even 
less well understood. 

These nrc core studies on environmental decision making, monitor- 
ing, and research needs are supplemented by an analysis of environmental 
manpower needs. Singular in the methodological difflculties it poses (refer, 
for example, to the article in the human resources section on the study of 
biomedical and behavioral research personnel needs), this study will try 
to estimate future needs for people with various kinds of training at 
various levels of the environmental control process and then will suggest 
how I uch people can be recruited and trained, 
126 There are (as indicated in Table 1), several studies of speciflc issues, 

each probing the many diflBcuIties of environmental decision making. For 
example, the study on pesticides and regulatory decision mJcing should, 
like a fine miniature, render in detail the trials of the larger world of envi- 
ronmental management. The governing statute is the Federal Environ- 
mental Pesticide Control Act of 1972 (fepca), which amended the Federal 
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Insecticide, Fungicide, and Rodenticlde Act of 1947. fepca was intended 
to move the loom of decision making in pesticide regulation from the 
courts to the inore appropriate arena of sglentjflc and technical judgment. 
It has not quite worked out that way» The procesi of Judicial review has 
pulled scientiflo evidence and judgments back into adversary proceedings. 
The comniittee will examine some of the dlfflculties that arose-. How is 
scientifle information used in the adversary context? How Is it evaluated 
and validated in public hearings? 

There are other issues. The effort will conclude in March 1977 when 
a report, synthesizing the findings of all the comnriitteeSj will be issued by 
the steering committee for these studies^ chaired by Professor Robert 
Solow of the Massachusetts Institute of Technology. 

Steering Coinmittee for Analytical Studiis for the U J, Environmental 
Protection Agency, Commission on Natural Beiources, Chainnan, 
Uobort M, SoloWj Massachiisetts Institute of Technology; Executive 
Sgcretary^ Charles R, Malone, 



REDISTRIBUTION OF ACCESSORY ELEMENTS 
AND COMPOUNDS ASSOCIATED WITH 
MINERAL RESOURCES EXPLOITATION 



Necessary to the sort of environmental analysis described by Gordon 
MacDonald in his essay is not only the availability of basic information, 
but also ionfie assurance of its quality ^ scope^ completeness, and timeliness, 
We are now painfully aware that we must assess In advance the environ- 
mental effects of our activities, most particularly when those activities are 
large in scale? involve the use of new technologies^ and exploit new 
resources. 127 

The study described in the title is an effort by the nrc Board on 
Mineral Reiources to analyze what we do know and what we need to 
know in order to assess potential by-product production and environmen- 
tal loading f rorn future mineral exploitation, 

The present study represents a continuation of concerns for auxiliary 
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impacts associated with future mining opemtions as expressed in the 1975 
NHC report on mineral resources and the environment ^ • 

• The situation where vvastes associated with resource extraction were small 
enough to permit of easy disposal no longer obtains; many parts of the 
environment can no longer **d!spose" of or "process'' all tlie wastes they 
recuive without detriment [p. 288]. 

• Future trunds in conventional mining will require resort to leaner ores, and 
ores in less accessible places. More material will have to be moved in order to 
realize the necessary levels of mineral production [p, 54]. 

The task of the study, as summarized in the propoial^ will be to 
provide 

a review and assessment ... on the adequacy of the chemical informatioii ^ 
bases the chemical nature of the^new deposits, tiie kind and degree of acces- 
sory element and compound production and the consequent redistribution of 
various chemical species. The study would aim to provide an alert to poten- 
tial problems of environmental loading and provide recommendations for ^' 
program planning, research needs and alternative technological options. 

The deposits to be looked at are present or future candidates for 
intensive exploitation. They include coal, uranium, and oil shale deposits^ 
as well as new sources of iron and aluminum ores. 

COAL 

Sulfur in stack gases and acid wastes draining from abandoned coal mines 
are well-known examples of the ''environmental loading ' due to coal min- 
ing. Coah because of its plant origins, is endowed with many elements, 
particularly metals. The concentrations vary, but local coal deposits may 
be quite rich in some of these ''impurities,'' and, in fact, some lignitic coals 
are a possible source of uranium. While we have a reasonable general 
understanding of the chemistry of coal and its deposits, we lack the firm 
data on regional variations that will be needed both to plan the control 
128 of the untoward effects of coal mining and to plan for the recovery of 
useful by-products. The need is obviously imperative, since, according 
to current projections, coal production may well double by the ye^ 2000, 
with much of that increase coming from strip mines in the West, 

• National HuHearch CpunciL 197S. Mineral Resources and the Environment. National 
Academy of Sciences, Washington, D.C, 
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OIL SHALE 

Oil shale is a marlstona containing a solid hydrocarbon from which oil can 
be recovered by limple heating. However, even for the richer oil shales, 
such as those of the Plceance Creek basin in Colorado, an enormous 
amount of rock must be dug out of the ground to recover economic quan- 
tities of shale: 1.5 tons of high-grade oil shale for a barrel of shale oil is 
an accepted figure. Moreover, a great deal of water is needed to process 
shale in a region that already has relatively little of if. The water may 
leach salt out of the spent shale, adding to the already serious salinity 
problems of the Colorado River. Wlielherp in facts oil shale will be 
exploited to any significant degree is still problematical and will partly 
depend on the world price of petroleum and on our confidence that known 
and probable environmental problems can be dealt with. The sweeter side 
of oil shale mining Is that there are valuable, perhaps economically recov- 
erable, by-products, including aluminum and uranium. 



URANIUM 

Uranium oxides to fuel light-water nuclear reactors now come from sand- 
stone deposits in Colorado, Utah, New Mexico, Wyoming, and South 
Dakota* These deposits, while scattered and localized, can be quite large. 
According to a report of the Committee on Mineral Resources and the 
Environment, they vary from "a few thousand to a few millions of 
tons, and in size from tens of feet to thousands of feet in length*" * 
How extensive these deposits are and how much uranium can in fact be 
extracted from them are still being debated; of course, the cat among the 
pigeons in this debate is the breeder reactor, whlchj by converting the 
most common form of uranium into a flssionable material, can enormously 
multiply U*S* uranium supplies. However, beyond the sandstone deposits, 
the United States has other, albeit low-grade, uranium deposits* It is tihe 
latter that will be the principal concern of the study* A roster might 
include mica granites, Hgnitic coal, phosphate rocks, copper deposits, 
and the Chattanooga black shales of the Western Appalachians that 

* National Research Council 1975. Mineral Resoiirces and the Environment, Siippiementary 
Reporti Reserves and ResoiirceJi of Uraniuni in the United SMm, National Academy of Sci- 
ences, Washington^ D.C* 
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reach across Tenneisee, Alabama, Kentuckyj and bordering states. The 
latter contain an enormous amount of uranium^ but in low concentration; 
typic^ly, the Chattanooga shales contain on the average less tJian 0*008 
percent uranium, compared to 0.1 percent for $15/pound UgOg. 

IRON AND ALUMINUM 

These metals are the most abundant in the earths crust, and for the 
immediate future the United States has access to rich and plentiful ores 
of both— principally bauxite for aluminum and unleached, low-prade 
ores or taconites for iron. However^ technology, rising resource prices, and 
the uncertainty of nondomestic^ sources of ores may meJce other ores 
economically appealing, 

High-alumina clays and anorthosites are alternative aluminum 
resources. Pilot plants to extract hi^-alumina clays have been operated 
in the United States, while techniques for the economic extraction of 
anorthosites are being developed by the Soviet Union and France, The 
alumina clays now seem the better iupplement to bauxite, since they are 
subject to the economies of scale through large-scale strip mining of 
alumina clay deposits in Arkansas and elsewhere. 

CONCLUSION 

In all diese cases, the Committee will consider what sort of knowledge we 
have and what kind we will need in order to assess the effects of rearrang- 
ing the elements and compounds associated with these ores* Reports on 
each resource will be isiued periodically, starting with coaL The study 
itself is scheduled for completion in the fall of 1977* 

Comniittee on Redistribution of Accessory Elements and Compounds 
Associated with Mineral Resources Exploitation, Commission on 
Natural Resources. Committee Chairman, Arnold J. Silverman of the 
130 University of Montana; Staff Officer, William R. Thurston* 
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Socio technical 
Systems: 
Central and 
Distributed 
Goals 

In 1969, an nrc committee chaired by Daniel Alpert of the University of 
Illinois produced a report entitled The Impact of Science and Techmlogy 
on Regional Economic Development That report was one of the first to 
distinguish between **two major categories of national goals'' for research 
and developmentj central national goals, typified by the space program, 
military research and development, and biomedical research on the major 
diseases; and distributed national goals, typified by ^e development of 
human resources, rebuilding of cities, and conservation of water resources, 
Prop-ams in the second category were further characterized by problems 
that are largely local in nature, in the approach to their solutions, and in 
the consequences of these solutions.- 

This categorization is a convenient one for analyzing current National 
Research Council activities; however, the categorization must be consid- 
ered in terms much broader than research and development per sc. In- 
deed, for distributed national goals, it is much more difficult to draw a 
sharp line between and the rest of the process of innovation. Innova- 
tion in the realization of distributed national goals involves the interaction 
of many different levels of government and a complex network of private 
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inititutioni, including planners^ suppliers, and consumers^ both as indi- 
viduals and collectively, A "science and technology policy" for these dis- 
tributed goals cannot focus solely on flie r&d process but inust look at the 
whole spectrum of public policies that influence the direction and rate of 
innovation in the delivery of services to the public in the various func- 
tional areas* These policies include the allocation of hiunan, natural^ and 
flnancial reiOurces; regulation^ subsidies; taxes; interpretation of antitrust 
laws; fiscal and monetary poHcies; patents; and the like, Each of these 
policy elements helps determine what research and development Is 
actually undertaken in the private sector, as well as the ability and will- 
ingness of the system to assimilate the results. 

The most important change in national science and technology policy 
that took place during the 1960s was the shift of emphasis from central 
to distributed goals in national priorities. The shift in focus and interest 
has in general exceeded the shift In actual r&d resources. The lion's share 
of federal funding still goes into r^d in spacej defense^ the cure of 
specific universal diseases such as cancer, and the development of new 
centralized energy supply technologies, But, using the ciirrent activities of 
the NRc as an example, one sees a much greater shift in emphasis toward 
distributed goals. Even within a single area such as biomedical research, 
the focus of interest has shifted signiflcantly toward the study and 
impiovement of the health care delivery system as a whole, 

Of course, with a closer look, it is clear that a sharp distinction be- 
tween central and distributed goals is never possible. For any given 
national goal there are both centralized and distributed aspects, In the 
words of the Alpert report: 

In addressing such distributed or regional problems as transportation, air 
pollution, waste disposal, control and prevention of crime, what is typically 
needed is n combination of centrally directed research broadly oriented to 
the problems, and locally directed r&d that views the problems in terms of 
speciflc local constraints.^ 

134 

The federal agricultural research program, with its combination of 
central federal laboratories, state experiment stations^ and local product- 
oriented laboratories, is often cited as the ideal pattern of such a blending 
of central and distributed research institutions,^* although this pattern runs 
into the dangers of parochialism and capture by overspeciahzed interests.'* 
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DISTRIBUTID GOALS IN THE NEW NRC 

Whereas centralized goals are manageable from the center (as the name 
implies) J distributed goals are much more difflcult to manage in the classi* 
cal hierar chical manner that has been relatively successful in, for examples 
the space program. Indeed^ it may be argued that most recent eflEorts to 
foster innovation in the transportation and construction sectors through 
direct federal intervention in the research and development process have 
been less than successfulj if not outrl^t disas^ous." The failures come 
from a variety of causes^ but most frequently from the inability of the 
federal r&d management process (including the contractor) to interface 
continuously and effectively with the clientele that the r&d is iupposed to 
serve and with the institutions and social interests that participate in or 
are affected by the implementation of the r^d results in actual operating 
systems, Too often, federally supported r&d in the civilian tachnology area 
attempted to follow past successful management patterns in flie space and 
defense areas. But in those cases the federal government Itself Is the ulti- 
mate client and user, and the technology In a sense enters a social and 
organizational vacuum with no existing technostructure and no network 
of organizational vested interests other than those engaged in the per- 
formance of the BacD itself/' 

In the past, the structure and priorities of the nrc have partly re- 
flected the orientation of federal h&d, To some extent the activities of the 
NRC have reflected a dual structure, The membership of the National 
Academy of Sciences and National Academy of Engineering and thus the 
central management of the nbc derived from that membership have 
focused largely on problems related to centralized b&d, But, at the same 
time, major operating elements of the nrGj concerned with distributed 
R&D in ti'ansportation, housing and bundingj agriculture, nutrition, and 
so on, have operated quite autonomously and have been of only peripheral 
interest to the membership of the Academies. The signiflcance of the 
recent reorganization of nrc has been to bring distributed h&d — or, more 135 
accuratelyj the distributed innovation and planning process— much closer 
to center stage, Each of the new commissions and assemblies of the nhc 
has been trying in its own way to adapt to this new orientation, Because 
of the past lack of interest of the Academies, many of these distributed- 
goal activities have tended to operate in close coflaboration with a client 
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group of suppliers engaged m carrying out a certain social function in 
civilian technology; examples include state hi^way departments and 
highway builders; architects, builders, and urban planners; and the 
materials Industries, 

In these distributed r&d areas, the nbc is learning how to walk an 
indistinct line between purely technocratic central planning on the one 
hand and complete acceptance of the assumptions and technical habits of 
thought of an established supplier constituency on the other. The first 
alternative means writing reports for federal agencies^ which usually get 
praise from scholars but go into the archives without much further atten- 
tion. The Second often Involves suggested solutions for detailed technical 
problems of a short-range nature, Rarely Is them an examination of the 
implications of present trends or of Impacts on a broader population 
beyond traditional supplier and consumer constituencies. The Commis- 
sion on Soclotechnical Systems (ess), whose responsibility includes the 
areas of transportation, buildings materialSj and emergency planning, 
among others, has had to face this tightrope-walking dilemma with par- 
ticular sensitivity, although this Commission is by no means unique in 
having to come to grips with the problems of dtetributed innovation, 



transportation 

Such problems are well illustrated by transportation, Transportation in 
the United States has developed as a congeries of separate systems based 
on particular modes or technologies. As new modes of transportation 
became technologically feasible, the federal government developed sepa- 
rate and often nearly autonomnus agencies to deal with these modes and 
with their particular groups of suppliers, Thus we have a Federal Railway 
Administration, a Federal Highway Administration, a Federal Aviation 
Agency, an Urban Mass Transportation Administration, a Maritime Ad- 
136 ministration, The legislative directives to these agencies have been written 
at different times by different congressional committees in response to 
pressure from different political constituencies, These legislative man- 
dates, and the associated systems of taxes, subsidies, regulatory policies, 
and relations with the private sector and state and local government, do 
not constitute a national transportation policy, Nor do they always relate 
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sufficiently to die impact of transportation on people and institutloni other 
than Its olients and suppliers, 

Recendy we have superimposed on this collection of modal trans- 
portation policies a whole series of cross-cutting legislative mandates with 
respect to air quality standards, land use planning, envir^Smental impact 
statements (including impact on the depletion of natural resources), 
energy conservation, and employment. The number of interests or con- 
stituencies that must be taken into account in transportation planning has 
grown explosively, and with it new sources of conflict, confusion, and 
uncertainty about the future. 

The NRG has tried to respond to these developments in transportation , 
first by broadening the charter of its Hi^way Research Board to diat of 
a Transportation Research Board (trb) and more recendy by trying to 
bring closer together the activities of the Maritime Transportation Re- 
search Board (mtbb) and of the trb. For several years, both boards have 
been attempting to extend their concerns with socioeconomic and envi- 
ronmental issues, as opposed to stricdy technical ones. 

An increasing proportion of rm activity is concerned with the trans- 
portation planning process, especially in relation to the socioeconomic 
Impact of transportation, This Is true both In the regular activities of trb 
and in the National Cooperative Highway Research Program (nchrp), 
which is administered by trb. As an example, transportation planning in 
an urban setting usually begins with estimates of urban travel demand. 
Current procedures typically take as long as 3 years, This Is no longer 
adequate because of the Increased Involvement of local officials and citi- 
zen groups In the planning process and because of requirements such as 
environmental impact statements, corridor hearings, and consideration of 
"no-build'' options as prescribed under section 102 of the National Envi- 
ronmental Policy Act, Under such conditions, decision makers need a 
much quicker response from analytical efforts. Policy committees often 
demand that new alternatives be considered within a month between 
committee meetings or before public hearings. 137 

The NatIon£d Cooperative Highway Research Program has let a 
contract with the Metropolitan Washington Council of Governments 
(cog) to investigate ways of expediting the analytical process, coc/s ap- 
proach is first to Identify the generic urban policy issues likely to arise 
in the public process and then to evaluate and redesign travel-estimating 
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procedures so as to be more directly responsive to these issues, The idea 
is to devise a tested operational tool that is much better adapted to 
participatory transportation planning than are the classical techniques 
dating from a more technocratic age. 

Another nchrp project deals v^lth the evaluation of the "no-build*' 
option, Present assessment processes are set up to evaluate die Impact of 
alternative highway or transportation routings but when citizens ask why 
the facility should be built at all, planners are usually reduced to hand- 
waving about local employment or economic growth. There are no good 
analytic methods for evaluating the iocioeconomlc and environmental 
consequences of doing nothing* 

Another project of nchePj closely relatedj is to improve the method- 
ology of statewide and regional multimodal transportation planning in 
order to better accommodate new land-use policies and air quality and 
energy conservation requirements, The ultimate objective is to collect 
findings into a single volume that can serve as a guide to transportation 
planners.^ 

Reliable data closely related to transportation planning were the sub- 
ject of a study released by the U.S. Department of Transportation in 
1969.'^ It pointed to the great need for reliable transportation data for 
effective national transportation planning and estimated that die neces- 
sary data collection would take 5 years and cost $36 millionp with an an- 
nual cost of $6.5 million for updating, According to WilllMi N, Carey, 
EKecutive Director of the tbb^ a national transportation policy 

can be formulated only through the construction of and careful oonsldera- 
tion of the output from a massive model of the overall system of taanspor- 
tation of people and goods. , . , We simply do not know where people are 
traveling and why^ nor do we know what goods are being ihipped and 
where, by what modej at what qo$% and during what time, 

Only with the aid (though not the dictation) of such a model can rational 
choices be made 

among avnilnblc alternatives such as improved highwaysj dedicated bus lanes 
on Htreets, rail transit, and new technology and among alternative sbategles 
Huch as staggered work hourSi rearrangement of urban patterns, congestion 
pricings and the likCi Such decisions are now influenced more by emotion 
and speciaMnterest politics than by reason, 

The planning of transportation involves too many conflicting inter- 
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ests and values to permit the hope of a completely rational procesi of 
decision making. The process Is inherently political, because politics is 
about such conflicts. But models and data can help point out interrela- 
tions between issues and the consequences of alternativei. In many cases, 
they can show that what appeared to be a zero-sum game can be turned 
into a positive-sum game in which interests or values thought to be in 
conflict both benefit. 

One type of data gathering, in which rafi is only peripherally in- 
volved, illustrates the kind of work that is necessary, In the past 20 years, 
most discussion of highway transportation has focused on the Interstate 
Highway System, which may be regarded as one of the "central national 
goals'' of transportation policy. In fact, however^ 22 percent of all road 
mileage in the United States is rural S-lane highway, which accounts for 
32 percent of all traffic (vehicle-miles) and 48 percent of all traffic fatali- 
ties. To improve this kind of highway, the Federal Highway Administra- 
tion, the Transportation Systenii Research Center in Cambridge, and the 
Maine Department of Transportation have cooperatively instrumented a 
IS-mile stretch of U.S. Route 2 In Maine. The instrumentation includes 
37 portable vehicle detection stations, 406 fixed vehicle-sensing loops 
under the pavement, and 5 in-vehicle receiver-display units, all connected 
to a central data processor, The nchrp conducted safety research making 
use of these facilities to study rural 24ane highways. The principal objec- 
tive of this project was to develop and test ''dynamic remedial aids to 
reduce hazards and vehicle conflicts on narrow bridges/' ® 

Another neglected transportation facility is *1ow-volume roads/' 
These are rural dirt or semisurfaced roads that usually carry traffic of 
10 to 100 vehicles per day, compared with the 50,000 per day typically 
carried by an urban Interstate highway and the 1,000 to 5,000 per day 
carried by the 24ane paved highways discussed above, Of 3,8 million 
miles of U,S. roads and streets, 3.0 million are low-volume roads. And, of 
course, such roads are the main transportation systems of most under- 
developed countries. They have received precious little attention from 
transportation researchers; they are too unglamorous. In June 1975, the 
TRB held a workshop on lnw»volume roads to try to meld design and opera- 
tional practices with planning and economic considerations. Sponsoring or 
cooperating agencies included the U.S, Forest Service, the Federal High- 
way Administration, the American Association of State Highway and 
Transportation Officials, the Idaho DepartTnent of Highways, the Agency 
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for International Development^ and the rnternational Bank for Recon- 
struction and Development.*^ 

Urban rail traniportation is another area v^here the glamoroui tech- 
nologies have overshadowed more mundane solutions, The Tm, at the 
request of the Urban Mass Trwisportation Administration of the Depart- 
ment of Transportation, convened a conference on light rail transit (mt) 
in June 1975, lrt is a technology that covers ttansportation demands in 
the range intermediate between ordinary streetcars and rapid transit^ or 
subways, lrt has a substantial cost advantage over either street buses or 
subways in those cases where the capacity needed is about 5,000 to about 
30,000 people per lane per hour. Net capital costs are typically $4 million 
to $Z million per mile for mr, compared to $30 miHion to $50 million for 
heavy rail transit. 

The important point is that the potential need for this form of trans- 
portation is probably much greater than for subways, which are economic 
only in the most densely urbanized areas, let may become even more 
important if the trend toward decantralized population distribution con- 
tinues, e,g., toward lower urban densities and moderate-sized towns, Light 
rail transit is extensively used in Europe, as it once was in much of the 
United States and still is in the Philadelphia area, New systems are being 
planned for Rochester, New York; Dayton and Toledo, Ohio; and Van- 
couverj British Columbia. The study conference reviewed engineering 
feasibility, cost, and general economic considerations. The proceedings 
will be used to assist in assessing the potential of lrt in U.S, cities of the 
future.^* 

Under its broadened rnission, the responsibility of the trb ineliides 
air and rail transportation, as well as pipelines and other transportation 
modes. This report, however, is not intended to be comprehensivei but 
only illustrative, For example, no mention has been made of the extensive 
study of the feasibility of meeting motor vehicle emission standards that 
was carried out under the auspices of the second Committee on Motor 
140 Vehicle Emissions.^^ 

HOUSING, BXJILDlNOj AND UBBAN DESIGN 

Although it is a distributed technology, transportation has signiflcant cen- 
tralized elements, with the result that transportation policy is somewhat 
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more rationalized and technocratic than is policy for housing, buildings, 
and urban development, This is largely because the routes and terminals 
eldier ara under public ownerihip, operation, and maintenance or are 
heavily regulated by government. For example^ there is a decentralized 
network of coinpetence in state hi^way dep^tments, many of which 
have now transformed theniielves into ttansportation departments. 

The production of automobiles, ships, trains, and aircraft constitutes 
a highly centraliMd technology with a hi^ depee of standardization of 
essential technologiced features. In contrast^ housing and buildhig repre» 
sent the extirerne of frapnentatlon, decentralization, and dominance by 
hi^ly localized constituencies and interests. Only in the supply of builds 
ing materials is there any degree of centraUzation and standardization, 
and even that is limited* Building probably needs to satisfy a wider dlver» 
slty of interests and criteria than almost any other technology, Because 
the end product of building is site-specific and largely private in terms of 
the consunier, it is like the vehicle in traniportation modes, but it is much 
more individualliged because of the site-speelflc requirements. 

Building suffers disproportionately large effects during business re= 
cessions, generally far greater than transportation- Early in 1975, for exam- 
ple, there were upwards of 650,000 unsold housing units on the market, 
and the situation was so acute that Congress legislated a $2,000 tax credit 
to stimulate the purchase of this housing. And in May of 1975, unemploy« 
ment in the construction industry was 21.8 percent, compared to a national 
average of 9.2 percent. 

At the same time, building is the object of an increasing array of 
regulations and restrictions encompassing environmental impact assess- 
ments for nev^ developments, consumer product safety, occupational 
health and safety, disaster mitigation efforti, energy conservation regula- 
tions, andj of course, the classic areas of public health and safety regula- 
tion, Lacking anything corresponding to the relatively centralized and 
sophisticated state highway departments^ the regulatory system for build- 
ing—always highly fragmented— seems to be breaking down under the 
load of increasingly sophisticated and costly technical requirements, It Is 
especially difficult for the system to adapt in a declining market and in the 
face of deolining municipal revenues. 

As a result of these arid other factors, many observers are beginning 
to question whether the housing industry will ever be able to produce the 
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number of units needed at prices that people can afford. Some foresee 
continued vulnerability to economic forces largely beyond flie contol of 
the industry: For example, in the flrst quarter of 1975, construction wages 
were rising at an equivalent annual rate of 9,5 percent, even in the face 
of the aforementioned high rate of unemployment. Furthennorej interest 
rates on mortgages did not decline with the reduction In prime interest 
rates.'- 

An increasing portion of the efforts of the Commission's Building 
Research Advisory Board (brab) is devoted to helping community plan- 
ners and other elements of the building community cope with tihe new 
requirements in an orderly and responsive manner, A signlfloant pilot 
study of selected communities has been initiated to examine the decision- 
mdcing process in housing, building, and community development with 
respect to the environmental Impacts of such development. The hope is 
to identify decision points in the planning process and relate them to 
those in the building and development process in order to help builders 
and others to anticipate and accommodate environmental Impact prob- 
lems and avoid costly revamping of plans to meet objections diat should 
have been foreseeable. The ultimate aim is to Improve the predictability 
of the planning process through better understanding of Its requirements 
and rationale. 

Another aspect of the regulatory environment of building is mitigat= 
ing, through proper planning and design, the effects of natural disasters; 
especially floods and earthquakes. For examplej federal flood Insurance 
legislation now requires that flood-prone communities participate in tiie 
National Flood Insurance Propam administered by the Federal Insurance 
Administration (fia) of the Department of Housing and Urban Develop- 
ment Under existing legislation, communities must, to be eligible for sub- 
sidized insurance rates, develop and have approved by fia a land=use plan 
for areas Identified by fia as flood prone, If a community elects not to 
participate in the program, federally insured mortgage money will no 
142 longer be made available for any future construction in tihe community, 
BRAB, in cooperation with the Assembly of Mathematical and Physical 
Sciences (Office of Earth Sciences), has a Committee on the Prevention 
and Mitigation of Flood Losses, which is making a slgniflcant contribution 
to the development of criteria for various aspects of the Federal Insurance 
Administrations flood program, For example^ there is a Panel on Flood 
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Instirancq Mapping Criteria that Is assisting fjla in determining what and 
how infoiTnatlon slioiild be presented on maps iirovldecl to comniunities 
to depict the height and areal extent of the flood hazard— and oii which 
conriiniinity land-use plans are to be develaped. 

Various other panels of the Committee are assisting fia in establish- 
ing preatices and procedures to be followed in technical studies coiiducted 
to determine the height and areal extent of flooding to ensnre tiie bist 
possible technical base for land- use plannliig. For exannple, a Panel on 
Fbod Studies in Eiverine Areas ha.^ been dealing with the sensitivity of 
the results of flood insurance studies to variation in the assiirnptions, 
practices, and procedures used in carrying out such studiei for comrnunity 
planning purposes. 

HKAB also plans to form a Committee on Practices for Mitigatiiig 
Earthquake Effects in Buildings in the Eastern tJnited States, Most pub- 
lic attention in the past has ^een focused on earthquake hazards in the 
Far West and Alaska^ where recent earthquakes have dramatized the 
hazards of Inadequate structural design. However^ many parts of the 
eastern United States have also had major earthquakes within historical 
timeSi although the average interval between them has been nnuch greater 
than in the West. Both Boston^ Massachusetts, and CharlestoHj South 
Carolina, are considered to have earthquake lisks comparable to that of 
the West Coast, but almost no work on seismic design standards has been 
iindertaken in these areas* How nuich can be done rennains to be seen^ in 
vie^v of the low visibility of the problem, Nevertlieless, assessing the mag- 
iiitude of the hazard and assessing the actions needed to reduce the hazard 
are worthwhile projects* 

The issue of earthquake hazard raises fascinating sociotechnical qnes- 
tions of earthquake prediction. The Advisory Connmittee on Emergency 
Planning had a Panel on the Public Policy Emplications of Earthquake 
Prediction, which completed a major report entitled Earthquake Vre- 
diaiion and Public Policy, There is general agreement aitiong geologists 
that the capability of predicting major and rninor earthquakes is near* As 
currently envisaged, this capability will permit the forecasting of the timej 
placej and magnitude of major earthquakes months or years in advance* 
Unlike the short-terni predictions characterising tornadoes^ hurricaiieSj 
and flcods^ long-term earthquake prediction provides the possihility of 
instituting numerous long-range hazard reduction and disaster prepared- 
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nesi Tncasures. Such loiig-terin predictions may also lead to various ad- 
verse socioeconomic effects^ the precise nature of which is cimently 
unforeseeable. However, with proper utiliratlon of earthqiiake predic- 
tionSg maiiy constructive measures could be taken to save lives? leduce 
property daTnagej and imininiize social disruption.^^ 

The advent of the energy crisis has rekindled interest In the iolar 
heating and cooling of houses and other buildings. From about 40 solar 
installations In 1973, it is estimated that the number of such installations 
had grown to upwards of 200 by the beginning of 1975 and to as maiiy 
as 400 by the end of 1975. The field is rich in innovation and entrepfe- 
neurial activity. But there is little solid information available about rela- 
tive costs and performance characteristics of different designs. Builderi 
and owners therefore hesitate to invest the capital necessary for instal- 
lations—particularly for the retrofitting of existing buildings— vdthout 
greater certainty about future energy costs, especially since present teeh- 
iiology requires standby energy sources in most areas to span periods when 
solar energy is not available. Disseniination of information about workable 
designs is poor, and there is virtually no standardization, 

The widespread adoption of solar heating and cooling also is In- 
hibited by lack of a satisfactory technology for energy storage. Effeetiva- 
iiess of energy storage might be improved by the use of heat pumps to 
make use of relatively low-temperature heat, and work is intejislfyliig in 
this field. However, this requires additional capital investment. A bbab 
Advisory Committee on Solar Heating and Cooling of Buildinpj which 
initially coiidiicted studies for the National Science Foundation and now 
eondiicts studies for the Energy Research and Development Ad^iiiniitra- 
tion, has held workshops to collect experience in the utilization of solar 
heatiiig and cooling technology,^'' The Committee hopes to continue its 
assessment of the potential for early commercialization of solar energy for 
space heating and cooling as well as for water heating, three uses that 
account for more than half the energy consumed in the residential and 
144 cominercial sectors. In this context, solar energy can be thought of as a 
form of energy conservation technology, equivalent in its effects to other 
methods of reducing heat losses from buildings, and it must be assessed 
in cornpetition with other less glamorous methods for reducing heat losses 
froni biiildings. In this domain the problem Is not one of technological 
innovation, p&r se; rather, it is institutional innovation and political inven- 
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tlon to remove the barrieri to the application of a technology that will 
evolve under market forces once the initial inhibltloni are overcoine* 

Reflecting the Increasing ennphasis on the '*soft'' aspects of building 
technologies, brab has a major prograni on Technology Assessnient and 
Utilization. Under a supervising committee of the Board itself, this pro- 
gram has astablished seven '^resource councils " each with about 20 mem- 
bars representing a wide variety of skills and perspectives. These councils 
deal with such issues as socioeconomic factors that will affect the nature 
of demand for building over the next 5 to 25 years, iiicKiding demopaphic 
factors, life-style preferences, coits, and monetary and financing mecha- 
nisms; planning and design, Includirig land-nse policy; and production 
technologies^ including productivity trends and the use of dimensional 
and functional coordination in building, This group of activities by the 
resource councils is intended to anticipate societal needs in the areas of 
housing, building, and planning for the rest of this century on both the 
supply and demand sides of the equation and to asiess tihe implications 
of various technological means of satisfying those needi, Each of the 
councils has wide representation froin the groups that supply^ use, and are 
affected by building. 

MATERIALS 

Unlike transportation and building, the field of materials seldom inter- 
faces directly with the public. Materiars are, for the most part, 'mter- 
mediate goods'' that enter into almost every phase of economic activity. 
In recent years the materials industries, from mining to fabrication, have 
constituted a declining fraction of the gnp and of value added in manu- 
facturing.-- Yet innovations in materials properties or processing have 
been the basis of many innovations that have affected the consumer 
directly or have changed the character of the economy. The electronic 
and computer revolution has been based on materials technology,^^ Most 
advances in the productivity of the construction Industry owe their initial 
Impetus to tnaterials innovations. 

The mining, extraction, and processing of materials probably accounts 
for about 25 percent of all the energy consumed in the United States and 
other developed countries/^ After a century of declining relative prices 
of raw Tnaterials, we are beginning to experience a reversal of long-range 
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trends, along vvitli suclden concerns abcmt shortages of materials resulting 
either from physical limitations or politically contrived onesj such as car- 
tels. Debate rages as to whether the industrial part of the world faces a 
long-term shortage of basic materials, or whether advances in technology^ 
including substitutiori and recycling, will eventually overcome shortages, 
despite temporary politically Induced shortages,-^ 

The National Materials Advisory Board (nmab) deals with all aspects 
of the materials cycle from extraction to final disposal, Recently it has 
concerned itself particularly with materials problems related to the na- 
tional energy program and with poisible measures for substitution or 
conservation of materials such as chromiumj which the United States now 
obtains from foreign sources that are undependable for political reasons. 

The NMAB also is dealing with the handling of hazardous materials. 
It necessarily cooperates closely with many of the other boards of csSj 
since materials are an Important source of innovations in transportation, 
buildlngj and shipbuilding. One committee of nmab has examined the fire 
safety aspects of polymeric materialSj an increasingly important topic as 
more stringent fire safety requirements are legislated* 

SOME TECHNICAL INNOVATIONS 

There is not space to review the full spectrum of ess activities; the result 
would be a mere catalogue^ with little information. In the examples cited 
above, emphasis has been placed on economlCj social, and political factors, 
because until quite recently these have tended to be slighted in past nec 
activities. One should not infer from this that ess is not interested in purely 
technical innovation. A few interesting recent innovations in a variety of 
areas of concern to the Commission can be cited by way of example. Some 
of these the Commission had little to do with; they are mentioned purely 
for general interest. Others are innovations with which one or another unit 
of the Commission has been directly concerned. 
146 The Ship Stf ucture Committee of the Maritime rransportation Re- 

search Board supervises a uontract research program on various aspects 
of structural ship design, A project of particular Interest Is the design and 
installation of a ship response instrumentation system aboard the SL-7 
Class containership, S.S. SmLand McLeanP This ship Is a member of a 
new class of high-speed container vessels deemed to be necessary for the 
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United States to retain a cjompetitive positioii in international shipping. 
**The Instrumentation system is part of a research program , . , to eval- 
uate fully, from both analytical and experimental approaches, the design 
and response of this unique vessel during the early stages of its develop- 
ment and deployment/' By comparison of the reailts of analytical and 
computer simulation v^ith field observations of stmctural responses in a 
seavvay, a more rational system of ship design may be developed to permit 
bypassing expensive model testing. 

The CSS has responsibility for the Advisory Board on MiHtary Per- 
sonnel Supplies (abmps), which advises the XJ Army Natick Develop'- 
ment Center. This center has developed an enzymatic method of convert- 
ing cellulose to glucose. Originally developed as a waste disposal scheme, 
the process appears to have considerable intei-est as a possible source of 
both food and fuel derived from agi'icultural wastes. The process is 
described in an article in New Scieiitist as follows; 

The Trichoderma (virides) is grown In a culture medium containing 
spnjce pulp and nutrient salts. The culture is then filtered and the solids 
discarded, leaving a clear straw-cDlourud enzyme solution with a marked 
ri^seniblance to American beer. The cellulose solution and milled newspapers 
arc then placed toguther in a reaction vessel at atmospheric pressure and 
50^ C. The product is crude glucose syrup; the iinreacted cellulose and 
enzyme are recycled. The yield of ghtcose is about 50 per cent of the original 
cellulose, It can be used in chemical ... or microbial fermentation . . . 
processes to produce chemical feedstocks, single cull proteins, solvents or 
fuels like ethanol 

The ABMPs, at the request of the Natick Development Center^ held 
a symposium on the subject in September 197S. The proceedings of the 
symposium, which was entitled ''Enzymatic Conversion of Cellulosic 
Materials; Technology and Applications/' are soon to be published. 



TECHNOLOGY TnANSFER 

The primary function of the nrc, particularly in the fields of interest to the 
CSS, is to promote technology transfer— or, more appropriately, the utiliza- 
tion of existing and new technology. The various boards and conimittees 
of the Commission serve as a forum for the dissemination of new tech- 
nology to a difluse community of potential users and appUers. The key 
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to nmh a diHsetnination process is evduated Inforniatlon. Ideally^ the units 
of the NHC sliould serve as the filter that sifts the more important from the 
less important and brings technology into jiixtapoiition with problems. 
This function is especially important in dealiiig with distributed national 
goals such as those with which ess is most concerned. 

Information transfer is thus a very important part of the.Conimis- 
sion s activities, and, indeed, the major boards of the Commission operate 
information systems (in the case of rm and mtrb, a computarl^ed sys^ 
tern) specifically designed to make the relevant technical literature more 
accessible to potential users of the knowledge. These users represent an 
ever^broadening base of disciplines and institutions and are international 
in scope. 

Surprisingly little is known of how well these, or otherj technology 
transfer mechanisms operate, or how innovation really takes place, espe- 
cially in the sectors of transportation, building, and maritime transpoita- 
tion, One of the Commission s tasks for the future is to better ujiderstand 
each of these social delivery systems in terms of the flow and utilization 
of technical infoiTnation and in terms of coiitracts between different ele- 
ments of the relevant "communities," By such studies it is hoped that ways 
will be discerned for improving the process and for accelerating techno- 
logical change as well as for improving its responsiveness to social needs. 

HAnvEY Brooks 
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Are We Training 
Too Many 
Scientists and 
Engineers?* 

Predictably, I can't provide a simple yes or no to the question posed in tlie 
title. There will be surpluies and there will be sliortages in different areas 
of science and engineering, and the answer will depend on the quality and 
kind of education received^ the ability of scientists and engineers toehange 
fields^ federal mv budgets, new private and governrnental technological 
developments, and so on. 

Although there are serious methodological probleinsj I am going to 
try to say something of what we do know about manpower supply, 
demand, and the effects of demand on supply* To provide some focus, 
I will discuss only doctoral scientists and engineers. 

SUPPLY OF DOCTORATES IN SCIENCE AND ENGIMEERING 

Table 1 shows that since 19S0 there have been substantial increases in 
numbers of new doctorates in science and engineering,- However, the 
annual production of doctorates in the physical sciences has decreased 
since 1971, and in mathematics and engineering since 1972, The decline 

* I am indebted to many for information and advice for this report and esptcially to Dr. 
WiUiam C. Kelly, Executive Director of the Commission on Hunmn Reiources, 
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TABLE 1 Eurnud Doctoriites in the Sciences and Engineering, 1950=1974 





Physical 




Lify 


Social 


Engi- 


Total 


Ymr 


K donees 


maties 


Sciences 




neering 


1950 


1,600 


176 


1,113 


976 


467 


4,332 


1952 




204 


1.357 


1,260 


S70 


5,128 


195^i 


i,Toa 


247 


1,6.54 


1,501 


562 


5,606 


1956 


1,621 


228 


1,51» 


1,499 


579 


5,445 


1958 


1,051 


238 


1,624 


1,568 


629 


5,710 


1900 


1,861 


291 


1,728 


1,668 


704 


6,342 


1962 


2,095 


388 


i,9Ta 


1,881 


1J10 


7,567 


1964 


2,627 


589 


2,302 


2,255 


1,664 


9,397 


1966 


3,058 


769 


2,887 


3,019 


2,299 


11,632 


1968 


3,667 


970 


3,696 


3,490 


2,847 


143?0 


1970 


4,400 


1,222 


4,5?4 


4,668 


3,432 


18,196 


1972 


4,226 


1,281 


4,984 


5.590 


3,475 


19,556 


1973 


4,016 


1,222 


5,008 


5,9U 


3,338 


19,555 



SOUKCEf NiitioniU ReiiearLh Couneil, Commlsifon on Human Resaurcea, Dqetofate Beeords File. 



will continue (Table 2) because the nutnber of flrsUyear, full-time grad- 
uate students in these fields has also gone downr 

Since most of the graduate students who will refieive doctorai degrees 
by 1980 are already enrolled, relatively accurate predictions of the doc- 
toral production in the remainder of this decade should be possible. One 
uncertainty is that the fraction of flrst-year ^aduate students who actually 
complete their doctoral training will depend on their financial support, 
their perceptions of the Job market for their skills, and the economy. 

To project how many pho sclentiits and engineers will graduate In 
the near future, Charles Falk ' and hts colleagues at the National Science 
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TABLE 2 First-Year Full-Tinie Graduate Students » 



p^gl^l 1968 1973 Decrease (^) 



Chemislry 3,719 2,667 29 

Phy,ia 2,730 1,808 34 

MatheitiattaH 3.106 2,289 20 

Electricfll engineering 3,243 2,660 18 



« These dntn tome from the NiUionftl Science FBUndntion nnd jnehide mly graduate depflrtments thnt 
responded ceniistentlv from 1088 to 1973. The coverage is, sw high. 
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TABLE 3 Projected Eamgd Doctoral Dwgre^H 





Physical 


Erigi- 




Life 


Social 




Year 


Science,^ 


marine 


intitius 


Sdencei 




Total 


1972 (nctual) 


4,200 




1,300 


4,500 


5,000 




1980 


2,900 




1,000 


4,900 


6,850 


18,800 


1985 


2,050 


2,500 


650 


4,900 


7,050 


17,150 


Chungu (1972—1985) 




-32^^ 


=^50% 


+9% 


+41% 





Foundation have used modek hamd on demographic data, recent trends 
in enrollments in both colleges and uiuversities, enrollnients in graduate 
schoolj and completion rates of doctoral studies. These projections indi» 
cate further major declines in annual doctoral production (Table 3) in the 
physical sciences, engineering, and maHiematicSj but not in the biolagical 
or social sciences. Falk and hii^ colbagues emphasize that projections are 
not predictions and that projectSon^ produce a range of future sittiations 
based on definite assumptions and no sigrdflcant breaks in trends. 

Larger changes are projected fox 1880 to 1984 than 1972 to 1980. But 
it is difficult to know how we .should interpret trend analyses that far into 
the future, particularly wlien some of the trends on which the model is 
based are changing; for example, first-year graduate enrollments in engi- 
neering were up in September 1974, 



DEMAND FOR DOCTOnAL SCIENTISTS AND ENGINEERS 

If percent employment is taken as a reUable indicator of demand^ then the 
current demand for scientists and eiigineers is strong. A 1973 survey of 
59,000 doctorate-holders (out of a tot^l of 272,000 doctorate-holders in 
science and engineering in the United States) showed that only I.IS of 
those in science and engineering were unemployed and looking for work; 
this is essentially a frictional level of employment found even in good 
times. However, the unemploymOTt mtm among women were higher than 
among men with comparable training.'^ 

^ The.se data come from the Survey of Dockotiil Scientto and Engineurs conducted by the 
Commission on HiniKin Resources with the finamW siipport of the National Science FQ\inda- 
tion and the National Institutes of Health. 
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Doctoral demand is dependent on college and university enroUnients 
wd federal and industrial research and development expenditurei. Bar- 
ring major changei in our economy, the flrst factor can be predicted with 
mme accuracy. This was illustrated in 1965, when Allan Cartter^ first 
pointed out that a tapering-off in this decade and an actual decline in the 
1980s of the college-age population will reduce the demands for new 
allege and university faculty. Cartters projections covered the total 
demand for faculty, not just for science and anglneering. 

Nevertheless^ his projections foretell serious oversupplies in fields 
where most of the new phns have taken faculty positions^ unless there are 
rnajor changes in the nu;nber of doctoral degrees or in types of jobs taken. 
Recently, Cartter has revised his projections of college and university 
/Faculty positions downward because a smaller fraction of high school 
graduates are now going on to college. 

Two factors that could blunt the impact of Cartter's projections are 
{$t) increases in continuing education, part-time educationj and non-degree- 
OTdit education using doctorate-holding faculty; and (b) Rowing use of 
the doctoral degree to enter positions not previously requiring a doctorate. 

However, the problem of too many phns looking for fewer jobs is 
broader than simply fewer faculty positions* For example, FaUc of the nsf 
projects ^ that in 198S, 375,000^00^000 holders of doctorates in science 
wd engineering will be in the labor market, and there are only 295^000 
positions of the type usually held by science md engineering doctorates, 
The breadth of the gap will vary from field to field. But whetiher the spe- 
C:lfic numbers In the Falk and Cartter projections are correct or not, they 
ramind us that the slowing in faculty growth in the remainder of this 
decade and the possible decline in the next decade will have an imipmf--^- 
perhaps a painful one—on new dodtorate-holders and on those already 
employed who want to change jobs. As Philip Handler has noted, "mar- 
kets for new scientists are saturable*" Departirients or programs training 
doctoral candidates primarily for faculty positions should examine the 
Mature and size of their programs and the advice they are giving to 
itudents on job opportunities and types of careers. 

Federal research and development expenditures are anodier factor 
in estimating doctorate demand. Federal na^D budgets (in constant dollars) 
peaked in 1968 and have kept to a steady level over tiie last 4 years* Future 
manpower needs will be affected by r&d budgets and by die initiation of 
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new national programs. It ts not at all clear what these pro^ams will be, 
although It Is safe to say that they will include work on the solution of our 
energy problems within envlronniental constraints, medical research and 
service, and natural resourcas. 

Given these changes in dernand, what effect do they have on supplyF 
What effect does a reduction in the number of new faculty positions have 
on graduate enrollrnents? On determination to finish the Phn? On the type 
of PhD program selectedP Richard Freeman and David Breneman ^' - 
argue that a number of **iwaiket" factors affect the production of doctor- 
ates: employer decisions^ attitudes of experienced personnel, faculty 
advice, salaries, hiring practices^ unemployment rates, and so on. They 
point out that the responie to market forces is not simple, but rather tends 
to oscillate from shortage to surplus widi a periodicity of 5 to 6 years, or 
about the time it takes to get a doctoral degree. There is a growing 
awareness that market effects need to be taken into account, and in 1974 
a Subcommittee of the National Science Board released a report, Scientific 
and Technical Manpower Projections, that recommended the use of mar- 
ket models. 

SUPPLY-DEMAND STUDIES BY PROFESSIONAL SOCIETIES 

Supply and demand for doctorates in specific fields has been analyzed by 
several professional socletjes. The American Chemical Society's Commit- 
tee on Professional Training, chaired by Herbert Gutowsky, has queried 
all doctorate-granting departments In chemistry on their plans for expan- 
sion or contraction, Hie departments were put into four groups taken in 
sequence according to their rank order (Group 1 was the top faiik) in the 
Kc3()se-Andersen Report of 1970, which rated the qualitii-i of graduate 
faculties and effectivenesses of doctoral programs. The Committee con- 
cluded^ that "many of the Group 3 and 4 programs should reassess the 
relative importance and quality of their undergraduate and graduate pro- 
grams, and rededlcate themselves to high quality undergraduate pro- 
grams." The annual production of doctorates in chemistry has decreased 
from a maximum of 2,200 per year to 1,900 per year, and the sizes of the 
iirst-year graduat/i classes Indicate that by 1980 about 1,600 doctorates 
will be produced per year* 

R. Anderson ^ has written a series of articles on doctorates and jobs 
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in mathematlci. In his 1974 report he pointed out that there has been a 
reduction from 661 to 510 in the annual number of pure mathamatlcs 
doctoral de^ees between flscal years 1972 and 1974. He concludt j that 
*Vith a proipectlve ten- year steady state annual employixient demand of 
perhaps 200-300 pure mathematics doctorates (for long-range retention)i 
we should continue to reduce the numbers getting degrees until we are 
much closer to equilibrium/' It is harder to get data on doctorate produc- 
tion in applied mathematlci, statistics, computer science^ and operations 
research, because these degrees are given in a variety of departments* A 
significant fraction of doctorate-holders In these areas are employed in 
industry and government, and so the Job market is quite different from 
that for pure mathematicians. 

Lee Grodzins has studied the supply and demand of physielsts in 
great detail The production of doctorates in physics reached a maxtmum 
of 1,600 and is now down to about I545O. The size of first-year graduate 
classes indicates that this figure may stabilia:e at BOD-ljOOO by 1980* Be- 
yond that, Grodzins feels that it is not possible to make very good predic- 
tions without more information on future r&d progranis on ener^ and 
other activities that employ physicists, 

Recently, an nas Committee on Astronomy Manpower^ chaired by 
Leo Goldberg, published a report recommending that university astron- 
omy departments should reduce production of doctorates by infonning 
students of employment problems and by screening students before they 
enter graduate prngrams. It also veromnujnds that departments offer cur- 
ricula that provide the basis for inobility in the eniployment market. 

C. Alan Btineau, Director of Programs and Planning for the American 
* Psycliological Association, says that "the academic job market Is now 
operating in a very weak replacr' unt mode for most of the [social icii'^nce] 
disciplines" and suggests thu' 1 terms of tomorrows human resources in 
the social sciences^ clearlyjhere is going to be spillover of considerable 
magnitude." 

156 The biological sciences bring us to studies currently carried out by 

the Commission on Human Resources. One is the study on biomedical 
and behavioral research personnel needs discussed on pages 159-162. 

Another study of future needs for scientists and engineers is part of 
the NRc-wide analytical studies for the U.S. Environmental Protection 
Agency (see page 121). A committee chaired by Dr. Earnest F, Gloyna of 
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the University of Texas, Austin, will consider a profile of maripower 
requirarneiitSs sources of manpowerj and ways in which psjions \^ith a 
variety of scientific and technical conipetencies are brought into the work 
on anvlroninental probleins, 

Several studies indicate decreases In the supply of pIids in science and 
angineering in the next decade and In traditional positions that employ 
thain. If these projectioiii are acciiratej adjustmenti will be needed by 
institutions of higher education and in the educational objectives of young 
people, Some problems may be reduced by transfers between fields, 
Doctorate-holdars have always shown coraiflemBlf-tbiiSty -to transfer 
batwaen fields, in addition to demonstrating a wide range of skills beyond 
college and university teaching. 

Die new realities in the doctorate market will force chan|es in the 
nature of graduate propams, The quality of the educational eKperience 
is different in different departnientSj and programs differ In the extent to 
which they attract strong students and encourage them to feel that they 
can successfully undertake a variety of differerit activities and transfer 
frani the field of their doctoral dissertation to another field, Since in the 
f utiire a larger fraction of phns will be employed by industry and by gov- 
emrnent at various levels, and siiice a signiflcant f ractioii will have posi= 
tions outside research and developnient and teachhigj changes in some 
doctorate programs are needed to better prepare students for these future 
careers. This does not mean that their basic education can be neglected^ 
but it does raise the question of how their graduate education can prepare 
them for the types of Job opportuiilties they will have and how it can 
provide a basis for field transfers and changes In work activities in the 
future, To improve conimunication^ it would help if universities had more 
visiting professors from Industry and governnient and if industry made it 
possible for more faculty members to spend time in industryi 157 

We do know something about future demands for doctorates and 
futijr& supply of doctorate-holding scientists and ehgineers, but far more 
research is needed to reduce the major uncertainties, Some neceisary 
readjustinents nnay be taking place^ but there is a danger of overreaction 
tha.t will handicap fiitiire efforts to solve our problenis in energy, mate- 
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rials, food, and environment. At best, we can foreiea needs for technical 
manpower only a few years In advance, and so doctorate-holding scteri- 
tists and engineers shouldj like otherij be prepared to chmge flelds and 
work activities during the course of their careers, 

Finally, we ought to rem6nfiber that tools for projectlttg manpower 
supply and deTnand are still somewhat primitive and the results often 
skewed by events, Some of the obstacles to useful projections listed by 
Hans Landsberg of Resources for the Future, Inc.," ^uply equally to the 
projections cited in this articles 

the difflculty in foreseeing the direction and speed of technolo^csl change 
the emergence of new societal perceptions ani:i goals, iuch m envircn- 

mental cDjislderations 

changes in major parameterSj such as the rate of •^y^jpuktioa growth 
. . p the reliance on relationships of which the Inhirent logiQ is not 

understood but which seem to offer convenient calcul?iting opportunitieB, 

EOBERT A, ALBEBTlf 
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PERSONNEL NEEDS AND TRAINING FOE 
BIOMEDICAL AND BEHAVIORAL RESEARCH 



Seventeen people were awarded nih fellowihips in 1938 to do fuiidainen- 
tal work related to cancer, They were the flrst. In I9685 $178*5 million was 
spent by the National Institutes of Health and the National Institiite of 
Man tal Health for biomedical and beha\ioral research training, either for 
fellowships or training grants. 

Althoiigh fellowships were the original siipport mechanism, the train- 
ing grant has become the mora sigiiiflcant form of graduate student and 
postdoctoral support by nih; of the 94,000 people who had, by 1972, 
received training support, more than 70 percent started on training grants. 

Determining the value of this investment is not easy, but available 
evidence shows it has provided a critical mass of highly trained mds and 
phos who do research and who largely accoinit for new insights and rapid 
exploration,. 

But ruinblings were heard in the late 19e0s. Assurance was deinanded 
that national investments in biornedical and behavioral research training 
are effective and produce cominensurate return. There was concern that 
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while surpluses in some fields were apparent or in si^t, peopla were still 
entering thein and receiving resaarch training support; tiiat some resf arch 
trainees entered clinical practice on completing their training rather ftan 
continuing resoarchi and that, in tfie case of b-aining pantg^ a signiflcant 
portion of flie grant was being used for institution^ purposes rather than 
for the support of individuals, In all^ there was considirable pressure to 
alter the scale and forni of federal support for biomedical and behavioral 
research traming, 

The resuli: wa.^ the National Research Act of 1974. Public attention 
was largel} a ^ ..acted to ^he portion of the Act regulating the conduct of 
fetal research. Hov^^everj the other portion, setting forth new rides for the 
support of biomedical and behavioral research trainings promised equally 
important and perhaps more lasting effects, Philosophically, the law was 
reassuring since it rsafflrmed the principle of the training pant and 
stressed continued excellence of L 'Icmer' leal mid behavioral research. Prac- 
tically, it mandated a numbpv of navel changes. The separate training 
grant programs of nih ; rid the Alcohol ^ Drug Abuse, and Mental Health 
Administration (adamha.) were coalesced into a single program, the Na- 
tional Research Service (nrs) Awards. Two strictures were applied to these 
awards: They could not be awarded in particular fields imless there was 
a need for rese^.rf^h personnel, and they had to be paid back, either by 
services or by dcillars, plus Interest, These provisos became effective 
July 1, 1975, 

The law also directed Ihe Secretary of Health, Education, and Wel- 
fare to inquire of the nas if it could, inter alia, assess national needs for 

biomedical and behav^ioral research personnel, review isim and adamha 

# ■ 

training programs, and in general help them fulflll the needs criterion for 
the National Research Service Awards, As stated in the National Eesearch 
Act, this provision meant that the Academy, if it agreed, would assess 

(A) the Nations overall iieed for biomedical and belmvloral research per- 
.sonncl, (B) tha subject areas in which such per^onnpl are needed and the* 
number of such perionnel needed in each such area, and (C) the kinds and 
extent of training which should be provided such personneL . * . 

The questions directed to the Academy were obviously difficult* It 
takes an average of 5 years after the baccalaureate to provide predoctord 
training for^research and 1 or 2 years of postdoctora! training for mds or 
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phDs who switch fields. Thus, in 1976, the National Research Couiicil 
would have to estimate needs several years in the future^ and would alio 
have to estimata the required resources^ public and private* 

FBXt of the NRC assessment will necessarily include an examination of 
^pertinent fields of research, established and emergentj and what their 
future requirements for personnel will be. 

Of course, intelligent people, highly trained in basic sdenees, adept 
at doing their own research— a reasonable description of tiie population 
given research training support by nih and adamha— are adaptable. They 
can, and will, follow leads into new flelds, picking up new techniques and 
information as need be. So, the nrc must also consider the poisibility of 
field changes and their effect on die supply of dbctoral researchers. 

Another consideration in the study is the praciiion with which re- 
search personnel needs in different fields can be projected, Some of the 
difficulties were described in a report on the study's feasibility issued in 
February 1975: 

in contrast to the problrTu of fonicagting aggregate nianpower in large 
fields, estimating needs b\' fine fields is exceedkigly difficult. Boundaries 
between disciplines have beLonia less distinct with the increase in emphasis 
on study of biological phenomuna at the molecular level, TitleH of narrow 
disciplinary fluids have therefore kjsl some ineaniiig for the purposes of 
forecasting. The problem is compounded by the tUfflculty^ of predicting major 
scientific developments and their impact on nianpower i tjquin ments. More- 
over, many aspects of the dynamics of the manpower pool are not clearly 
understood and, hence, any supply/demand model that can be developed will 
have limitations for determining the need for disciplinary specialists, These 
limitations, the Committee believes^ are offset largely by the breadth of train^ 
ing and capability of biomedical and behavioral scientists and their capacity 
for mobility withi imd across fields,^ 

This continuing study is not just an attempt to match manpower sup- 
ply and demand in biomedical and behavioral research. That would be 
simpler than the real task, which includes projecting emergent fields in 161 
biomedical and behavioral research that will become important and mtU 
mating how many people with what sort of training will be required. Of 

« Commission on Human Resources, 1975. Report of the Committee m a Feasibility Study of 
National Needs for Biomedical and Behavtornl Research Personnel National Academy of Sci- 
ences, Wnshington, D.C, pp» 4*5. 
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course, supply-and-demand projections will be a necess^y part of the 
exerclsa, and die study will have to cope wl4 their imperfeetiow®. 

Beyond the complexities of manpower supply and demand pro|iQ- 
tionSj there are other issues for the study to considar, including the rala* 
tive weight given to fellowships and training pants. Fellowships are given 
directly to indlviduds, and their value is more readily apparent to the 
general public. Training grants, in addition to supporting a promising 
researcher, may also be invested in faculty salarieij new instrumentation, 
lab space, computer timo, and so on* These are necessary expenditures for 
high-quality training, but the public does not dways understand how they 
are related to the quality of a particular student s research traintag. 

The Committee in its first report^ favored training grants as the 
principal support mechanism. It recommended that federal traiiitag sup- 
port be maintained in fiscal year 1978 in the biomedical and behavioral 
sciences at fiscal year 1975 levels, for both predoctoral and pQstdoctoral 
training. 

There are more Issues before the Committae, many complex diffl- 
cultj and some perhaps painful Many biomedical and behavioral reiaarch- 
ers were nurtured in a system that provided generous support to excellent 
students with good ideas. The system still exists, and there are still r^atioiial 
needs for basic research. But the National Research Act states that fed- 
eral support of research training should be linked to national meds for 
personnel. It is a change that is hard for many to accept, But, as the first 
report of the committee made quite clear, the research commuiiity In all 
its forms will have to respond to the new realities r 

Legitimate aspirations of institutions and departments can best be accommo- 
dated with an adaptive mechanisni that recognizes new needSj establishes 
excellence as a governing criterion, and sets a high priority an flexible 
response. 

Conimittee on a Study of National Niecls for Biomedieal mi Behav- 
ioral Research Personnal, Commission on Human Resourea^, Commit- 
tee Chainiian, Robert J. Claser the Heniy J. Kninm Family 
162 Foundation^ Staff Director, Herbert B. Pahl. 

* Coniniisiion on Hunian Resources, 1075* The 1075 Report of the Committee m a Stud^ of 
National Needi for Biomedical and Behavioral Research Personnel. National A^dmny of 
Sciences, Washington^ D.C. 
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The National 
and 

International 
Context 

Beginning in 1950, there was explosive growth in the volume of scientifle 
research throughout the world, with the United States leading the effort. 
In the late 1960s the rate of growth began to decrease rather abruptly. 
Nationally and internationally we are now in a period of readjusting the 
scientifle life-style, Adjustment may be possible without great sacriflce of 
the rate of production of new knowledge if we look carefully at the way 
in which we invest in scientific research with a view to maximizing return 
on the investment. 

The overall pattern of expenditure of human and flnancial resources 
must be scrutinized to encourage less wasteful concentration of nearly 
redundant efforts in narrow problem areas, It is not enough to look at 
proposed research just to .^ee whether or not it is 'new/' We must also ask 
the more difflcult question, ''How new is itP" That applies to both national 
and international programs in scientific research. 

In international scientific efforts, we should perhaps shift the empha^ 
sis from competition to cuoperation, with special emphasis on complex 
mmitarij input by the partners in cooperative efforts. Outstanding exam- 
pies of such programs already exist. They are found in work where tiis 
very high cost of facilities has forced joint effort, as in high»energy physics. 
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and wfiera there has been some clear political gain to be achieved, as in 
tibia UJ.--Soviet joint propam in space exploration. An implied intent in 
the various bilateral apeements betwwn the United^Statas and many 
other coiintrles is increaiing tfie scopa of constructive^ollaboration, The 
intent Is goods but wa must give careful attention to the det^s of execu- 
tion* Ideally, we should emphasize inteniational cooparation between 
laboratorias that can bring complementaiy r >v?viyibtitioni to bear on com- 
mon problems^ thus allowing the deflnltion oi problems of greater scope 
than could be tackled by either group alone. 

This principle can be extended to XJ,S, interaction witfi the less 
developed countries, Our style has been to help tfie scic'it''^ts in die less 
developed countries to learn to do newly the same kind ot work %ve are 
doings or were doing a few years ago. A batter invesbnent of development 
funds mi^t be made in propams to davelop icience less Imitative of our 
own work. Admittedly, this approach requires careful planning and 
considerable diplomatic sensitivity, 

There is considerable international debate about the relative merits 
of establishing large research centers and of conti'ibuting to the develop- 
ment of local reiearch capabilities. The donflict arises from the tendency 
of the proponents of each kind of activity to claimjhat their favored enter- 
prises cm deliver more than can reasonably be expected of them. An 
international institute, with a unique mission, can contribute new knowl- 
edge economically if it is well conceived and well managed. But sponsors 
of such institutes sometimes do themselves a disservice by claiming to 
contribute more than can be reasonably expected to general iclentiflc and 
technical growth in developirig countrlev^, 

Development of local centers has been very much in vogue in the 
western world during the past quarter centiiry* New universities, govern- 
ment laboratories, industrial research centers, and so on have grown like 
weeds in the United States, in the nations of Western Europe, and in a 
few other industrially developed nations* There is now serious question 
168 about the wisdom of this trend. As th^ national economies slow 86wn, 
there is great concern that the commitments have been too numerous and 
that decreased resources are now spread too thin. Recognition of diis fact 
in the United States and some of its peer nations now seem^ like locking 
the barn door after the horse is gone, 

However, there are ways in which we can put our experience in rapid 
development of new, local establishments to good use. First, we can exer- 
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cise restraint, both nationally mi, ta^arnationallys in creatiiig wiOra new 
Institutions to ded witii new probkms as they arise, Sacon4 w« should 
kaep the goal of complemeiitTOty to mind as we work wi& dwloptag 
nations, alihou^ this principle will not be easily Impleniente^ There are 
imposing psychological and lQ|istical bwriers. When people ftom devaK 
oping countries look to tihe tfntodl States for assistance, ttney have a 
natural wish to acquire from us those components of science rad tech- 
nology that seem to have worked h^^t in this country. But sinfle-minded 
emphasis on transfer of such e^pabOtties may not be in the long-t^ro best 
interest of either nation. 

The proprietary interests of nations and private Industrid coiicems 
^e a reality and serve some good purposes. We need to find w^ys of 
working around and wlAln tbem^ ta assist die less developed nations to 
acquire their own proprietary resouroei to put into intematf onsl eKohange. 
This wiU require that we give ipeoiaJ attention to encouraging the devel- 
opment of indigenous resources to other countries, especially when diQsa 
resources are different from our own. 

The United States may h^ve assumed an overly generous poiture in 
its international development pro jerais* In any international actfvity we 
should insist upon an accountiug of what each side will Invest and what 
it hopes to gain. It would be foolish to attempt parity in the inguts aud 
ou^utSj and it will probably oontimie to be necessary for the tlnitad 
States to put up the major portion of the money on cooperative pro-ams 
witii many poor nations, Howeveir^ my situation in which one partuer 
mdces no financial investment whatsoever seems unsound. A small in- 
vestment of scarce resourcei shaw$ the serious intent of the minor partner 
and provides some protection against ne^ect of the work. The same 
should be true when the roles are reversed, as they now are in the col- 
laborative programs with Brazil, Taiwan, and the opec nations. There is 
no objaction to having another country foot most of the bill in projects 
that are primarily focused on their problems and to which the principal 
UJ. contribution will be people awd their talents, But we should be wllh 167 
Ing to make enough of a cash investment to keep us honest in our 
intentions, 

^ The biggest problems are in Interaction with developing n$;tions. 
Our record in this field is mixed. Wi^ have done reaspnably well In ajri- 
cultural and medical technology--nQt as well as mi^t have been ho^ed 
for or expected, but not too badly, We have not done as well in Industrial 
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technology, perhapi because we shy away from creating many competi- 
tors as successful as Japan. 

There are saveral outstanding problems in the technology part of oi^r 
science and technology effort in international developments 

• The costs of outright purchaie are too high for many potential 
client countries. 

• Sale of technology with a permanent lien oii the yield becomes 
jn creasingly unpopular. 

• We have worked hard to transfer science to developing nations 
with tlie blithe assurance that indigenous teghnology will follow; this is 
mt consistent with our own national history and is now being regarded 
m fraudulent by some recipient nations. 

• Successful technology transfer requires adaptation to local condi» 
ti^5ns, and we have yet to become expert in facilitation of such adaptation. 

• The greatest need in some countries is for low- and medium-level 
t#ehnoIogy in which the United States excelled SO years ago, but which 
wa have now largely lost. 

• The greatest world need is for new technologies in developing 
countries and we have not begun to tackle this problem on a large enough 
$mh, although the Commission s Advisory Committee on Technology 
taiiuvation ha.^ a good beginning, 

Many p^oo.j lea: chat we are not getting a fair return on our invest- 
ment in technological cooperation with the Eastern European nations, 
especially the Soviet Unjon. We should not make a fetish of trying to make 
i%0 balance of information transferred exactly evens but we should try to 
iTOximize our returns. 

Our strongest and most productive Interactions are with Western 
Eiirope, Canada, Japan, Australia, and New Zealand A free-flowing sys- 
tem has been developed, and on the scientiflc sidCj at least, the status quo 
m mm almost as a natural way of life. There Is a relatively high satisfac- 
tbn level \yith respect to technology exchange^ and, as problems arise, 
tlmy are usually treated as problems of economics rather than of tech- 
nology. No profound reflection is required to convince one that questions 
ttf economics and technology are strongly linked; a corollary to this con- 
dusion Is that even scientiflc interaction may also be in for serious trouble. 
It k a fact that we spend a good deal of money on interaction with sclen- 
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tists of the *'West/' but it k difficult to do an accounting of what is spent 
and what dividends are returned on die inveitment. 

Interaction mechanisms are almost innumerable. Very Important in 
both science and cost are the superprojects; space exploration, studies of 
the oceans mid atmosphar#, the Antarctie program, and so on. There is 
also a slowly increasing number of international institutes, most of which 
now seem to be in deep financial trouble. There are countless International 
meetings, conferences^ and symposia; in recent years the scientists of the 
world have moved around the world from meeting to meeting like flocks 
of migratory birds. Until very recently there was also a great deal of move- 
ment of young scientists, especially postdoctoral fellows, among the West- 
ern nations. We need an inventory of Aese activities and some assessment 
of their relative value so that the inevitable cuts in expenditures can be 
made wisely. 

Any attempt at evaluation and planning should be carried on in 
cooperation with scientists md government officials in the other countries 
involved. In recent conversations with offlcers of Western European 
academies and similar organisations^ it has been apparent that they are 
worried about the erosion o£ international sclentiflc exchange and the 
haphazard way in which support is reduced. Interestingly, there seems 
to be nearly universal conviction among these people that there are too 
many International meetlnp and that they are generally poorly planned. 
There is also a surprisingly high level of interest in some of our own 
notions concerning complementary research collaboration, enough to 
show that we have no monopoly on such thinking, These leading acade- 
micians also share the fear that such ideas will be difflcult to sell both to 
governments and to our feUow scientists, with the latter being the more 
difflcult to deal with. If the perception is correct, there is a problem, 
because scientists will be the agents in carrying out philosophically 
changed programs, and any nm P^^n that meets with general disapproval 
in scientific circles will probably work badly. 

In conclusion, it is dear that we need to review philosophy and 
operations in our internatiaiml programs, both nationally and institution- 
ally. More attention should be given to the returns that we hope to receive 
from individual projects. There is probably a need for some move to 
coordinate, and perhaps centralize, our very diverse international rela- 
tionships in science and technology. 

George S. Hammond 
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WORLD FOOD AND NUTRITION 



On December 3, 1974, the President of the United States wrote Dr. Philip 
Handler 

to enlist the aid of the National Academy of Sdances in a major effort to 
lessen the grim prospect tfiat future generations of peoples around the world 
will be confronted with chronic shortages of food and with the debilitatiiig 
effects of malnutrition, 

Explicit In the requeit was an examination of the role of science 
and technology. ParaHoxlcally, the requeit was In part prompted by a food 
crisis in which technology or the lack of It seemed a minor elarnent 
Rather, the crisis appeared rooted in economic factors such as the mieven 
impact of grain prices on different econoniieSj various political dacisioiiS, 
the inherent difiBculty of emt balancing supply and demand for any re- 
source, and weaknesses in the mechanics of die international food market. 
Thus, for a variety of nontechnological reasons, there hm been since 1607 
a depletion of the. gram stocks of the g?aln-45Xporting countries. Including 
the United States, At the same times many of tiie dweldj^ing countries 
were increasing grain imports. In 1972, poor weather feduced the jdeldi 
of several major grain harvests, and world food production declined mod- 
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eJitly—ubout 1.6 pereuiit. Amuiig the countries whose harvests were din- 
appoiritmg was the Soviet Union. That country—in a change froni earlier 
poHcies, under similar conditions, of slaughtering animals and general 
belt tightening among its population— opted to buy massive amounts of 
grain, including a significant fraction of the 1973 U.S. wheat harvest That 
action, aside from helping to raise meat prices in the United States, also 
further drew down any grain surphises that might have been used to 
mitigate the plight of the Sahelian countries of West Africa or of India, 
Bangladesh, Indonesia, u 1 other countries whose crops were substan- 
tially reduced by drout^ht and whosa people were suffering from serious 
malnutrition and stafvation. 

Other factors contributing to the food crisis included sharp and some- 
what puzzling reductions in the Peruvian anchovettaharvest resulting ulti- 
mately in increased demand for soybeans; increased competition among 
the developed countries for more grain as anima d so their citizens 
could eat more meat; and the deliberate choice of niuny developing coiui- 
tries to invest limited funds in industrialization, rather than in raising agri- 
cultural productivity. However, to view food shortages simply as a matter 
of economics— the result of failures of marketing and other systems— is 
to seriously misjudge the full nature of the problem and to overlook 
potentially effective responses. Growing more food, growing crops with 
increased resistance to weather and pests, and other responses amenable 
to technology can and must be a part of avoiding future food crises. 
Many of developing countries, already hard pressed to feed their 
people, are being threatened by even greater pressures. It is in these 
developing countries that 88 percent of the worlds population growth 
Is occurring— a 2.5 percent average annual growth in population com- 
pared to 1 percent or less for the developed countries. The gap in food 
production per capita between developing and developed countries is 
widening, and unless food prodnction can be increased, there will be 
even less food available per person in countries that already have ram- 
pant malnutrition and widening pockets of starvation. As a U,S. De- 
partment of Agriculture report ^ pointed out 

' Economtu Rejseurch Svry'wv, U.S. Dupartmont of • cnlture, 1974. The World Food Situa- 
tinn and Pro/?pects to 1985, Foreign Agrlcultnrul Lcoiioniic Rrport No, 98. Washington, 
D.C, p. 1. 
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svhili' thu growHi of food prodiieliun svius slightly higher in nng coun- 

tries from 1961-65 to 1971, per capita progress was lowti dime their 
annual popiilation growth was 2.5 percent compared with 1 percent in 
devejijpc'tl conntrics. Per capita food profkiction in the developed countries in 
1971 \N'as 15 percent above the 196U6S average and it dropped only slightly 
us a result of 1972's shurtfalh But tlie developing countries were producing 
only 5 pere(Mit more food per capita in 1971, and the 1972 shortfall puslica 
them hack to the per capita level tliey had reached a decade earlier, 

To give an aggregated e\^aluatiun that may be wrong in speoiflcs but 
probably correct in the meaning, the workrs population, according h) iho 
United Nations, will rise from 3.8 billion in 1974 to 6.5 billion in 2000; io 
keep up, the annual grovvth rate of food production, now 2,8 percent, must 
rise o\er the next 12 years to 3.6 percent. The remarkable record from 
1954 to 1973, when world food production increased at a faster rate than 
population, must be matched. 

Ultimately, Thomas Mai thus may be quite right in his dietate that 
^'pervades all animated nature*' and that states that the "power of popu- 
lation is indefinitely greater than the power in the earth to produce sub- 
sistence for man/' That judgment has been kept at bay— in spite of a 
450 percent increase in ^d population since Malthus pronounced it— 
principally by two deve lents: the opening of vast new fanTiing lands 
— ^the American prairi idia's Punjab , the paddies of Southeast Asia; 
and the evolution of w ic- aiologies to Increase the labor efficiency 
and productivity of agriculture~mt 1 ^^nization, pesticides^ new hybrid 
varieties J fertili^^ers, large-scale irrigati >n, and so on. 

About 30 percent of the world's arable land is now farn^^ d, and, 
statistically^ there reniains a great deal of potentially tillable land. But 
much of it is of pooi- quality, and much of It Is in semitropicai and tropical 
regions and therefore often "^fractory to agricultural technologies pri- 
marily fitted to the fecund black soils of tht temperate zones where most 
of the world s grain is grown. Thus, tropical soils^ including savannahs and 
172 desertSj are often fleetingly fertile, thin and fragllej unable to hold nutri- 
ents as can the soil of a Nebraska wheatfleld. Where there have been 
successes, as in the "Green Revolution," they have been somewhat adum- 
brated, mainly for institutional reasons rather than technological ones. 

An increase in acreage seems desirable if food production Is to be 
raised substantially, But there are limits. Technology must also be effec- 
tively applied— not only new technology but also existing technology 
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fitted to different mH^ and local conditions. What c vn be done lieve is 
still uncertain. Scientific farming suitable for the developing countries, 
rather than simply u trunsfer of Western agricultural methods, is a com- 
paratively recent and still scattered phenomenon, and elFective wuyfi to 
nurture it must be identified and applied. 

But can the '1iave" nations signiflcantly increase their grain yields? 
The hetter-quality farmlands are already being tilled, and new frontiers 
are few and poor, both in location and soil quality. The only real alterna- 
tive appears to be raising yields per acre. Whether that can be done in the 
United States and other developed countries whose grain yield,^ have 
multiplied spectacularly, particularly in the past three decades, is some- 
what problematical A 1975 nhc report, AgriaulturalProducU^^^^^ 
warned of "clouds on the horizon," ■ pointing to some disturbing indica- 
tors, such as a tapering since 1965 of the rate of increase in crop yields per 
pound of fertilizer added. While there are enually reassuring signs that 
(for the m \r term, at least) agricultural production efficiency will con- 
tinue to increase, the report did assert that for 

tlw long-range future, in addition to Huch control^ mg influences as dimate, 
incrcasS in agricultural output will depend largely upon research results not 
vet in hand. Outpul can continue to rise for many more decades only if 
additional technologies become available. And such additional technologies 
can come only from new research; it in the re^icareh discoveries evolving now 
that will signifieantly influence food supply in Wi) and 2000 and later. 

The conmient is an apt epigraph for the nhc study on world food and 
nutrition problems. The first part of this two-part study is complete! a 
e^month effort, whose report has already been ihsued.t advising federal 
agencies on how they could move immediately to support the recom^ 
mendations made al the World Food Conference in Rome. The second 
part of the study is a long-ter^s 24^month effort that is intended to reply 
mor- fully to Presiden*^ Ford's xequest to Dr. Handler that the Academy 

•National Rt ynrch Council 1975. Ayricnlhiral Prnchiction Efficiency. Nationnl Atudciny of 
Sciences^ Washington^ D,C>. p. 5. 

f Pnhlbhyd bv the Academy in Dec^Mnbcr 1975, the report hnd three partsutho Intcrun Ha- 
port of the World Food and Nutrition SUidyi an attached report on RccomnwmM Am}m 
on Nutrition Research and Dvvelopmvnt, prepared undrr the nii^pices of the Food and Nii^ 
triUon Board of the AsHcinhly of Life Sciences; and, separately bound but transmitted with 
jhj, Raport, a report on Enhancement of Food Production for the Vnited States. 

P'Jpared under the auspices of the Board cm Agriculture and Renewable Resources of the 
Coniniission on Natural RD;?ources, 
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aid in a major cfFoil: by the UrdtcHl Stales Govurnment "to lesson the grim 
prospect that future geuerations of people arouiicl the world will be con= 
fronted with chronic shortages of food and with the debilitating effects of 
nialnutrition" and that the Academy "mate an assessment of this problem 
and develop speclflc recommendations on how our iesearch and de= 
vel jment capabihties can best be applied to meeting this major chal- 
hnige," 

The President s letter re-emphasized the magnitude of the food prob- 
lem. It is not simply a matter of remedying systems and institutional im- 
peffectionSj but of searching for and applying innovative ways to increase 
food production, 

Accordingly^ the study will focus its flnal report on an integrated 
program to mobilize research and development efforts to increase^ food 
production and decrease malnutrition In the developing countries. 
Research will be the central element in the program, encompassing many 
elements beyond agricultural productivity: losses in moving food from 
field to market to consumer; food-raising requirements to meet specific 
and widespread nutritional problems; food processing; the role of weather 
and climate variability in productivity; and, perhaps most critical^ how to 
organize H&D progiams and institutions^ in the United States Eind in the 
less developed countries, to attack these problems, 

There is already immense activity on the food front outside the nbc; 
a variety of studies and task forces are seeking and producing information 
on and analyses of the food supply complex. The nrc in designing the 
study was quite aware of these t"nrts and of the need io avoid wasteful 
repetition. After considerable discussion within the nrc and with the fed- 
eral interagency task force ^ cooperating with the nrc in the effort, it was 
agreed that e unique contribution can be made by the nrc in examining 
the potential of research and development for signiflcantly increasing 
food production and combating malnutrition in all countries, and in sug- 
gesting a program to accomplish that purpose. 

Stiuly on World Foofl and Nutrition, Commission on International Re- 
lutions. Study Chainnau, llarilson Brown of the California Institute of 
Technology; Study Directon Joel Bernstein, 

* Tlie task fovco is comprised of tlie Science and Technology Policy Office of the Nationnl 
Science' Foundation (through which the e*)n tract is funded and adniinistered), the Agency 
for Internutional Development, the Departnicnts of State, Agriculture, and Health, Educa- 
tion, and Welfare, and tlie National Oceanic iind Atinnspheric Administration. 
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A VISIT TO A C (INESE VILLAGE AND 
ARCIIAEOLOGICAL SITE 



A paleoanthropology delegation of eleven American scholars— archaeolo- 
gi*fts, anthropologists, geologists, botanists, and China experts— visited the 
People's Republfr! of China between May 15 and June 14, 1975. Their trip 
was sponsored by the Uoinniittee on Scholarly Communication with the 
People's Republic of China " and the Chinese Scientific and Technical 
Af^ociation, Traveling a total of some 5,500 kilometers by train, plane, and 
car during their 4-week stay, the Americans visited research institutes, 
museums, and universities in such cities as Beijing (Peking), Tianjin 
(Tientsin), Xian (Sian), Anyang, Chengzhou, Nanjing (Nanking), Shang^ 
hai, and Guangzhou (Canton), The delegation also had the opportunity to 
see a number of Paleolithic, Neolithic and Bvon^.e Age sites, It is hoped 
that what follows— an account prepared by the delegation of its visit to 
the Ding Cun Paleolithic site- will give a sense of a ''typical day" during 
the trip, 

Dinff Cun (Ding village) in southwest Shanxi Province is on the banks 
of the Fen River some 37 kilometers south of Lin Fen, the district seat, 
nv^^ere we stayed. This region— some GOO kilometers southwest of Beijing 
as the crow flies (or perhaps we should say as the bugou flies, a bird which 
arrives a few weeks before the wheat harvest and whose haunting cry 
charmed us throughout Shanxi)— is traditionally associated with the capi- 
tal of one of the legendary sage emperors who are thought to have ruled 
China in the third millennhim B.C. It is a region that foreigners rarely 
visit_only groups from Korea, Cuba, and Albania had previously visited 
Ding Cun— so that during the course of our stay our, convoy of cars and 
minibuses frequently drove through streets lined by crowds of smiling, 
clapping onlookers, some of whom had stood for long periods in the rain 
and the dark waiting for a glimpse as we drove by, It was a curious 
experience to find ourselves the center of such seemingly unmerited 175 
attention. 

We arrived by steam train at 2:50 p.m. on May 26 after a comfortable 
5-hour ride down the Fen River valley through a fantastically eroded loess 

^ The Coinmittee was ^stublislied in 1966 by the American Council of Learned Societies, the 
National Acadrmy of Sciences^ and the Socinl Science Research Council. 
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^ plateau and were imniecliately driven to our hostel, a three-story cement 
stnictiire, set back in a courtyard behind a guarded gate that was soon 
surrounded by an expectant crowd. After some refreshment, we set out 
by 3:50 p.m, for Ding Cuu itself ^ speeding along a paved road lined with 
young poplars, as our drivers insistently blared their way through a variety 
of bicyclists, carts, trucks, and buses. The road ran parallel to a terraced 
landscape that descendn in dissected loess to the Fen River. As elsewhere 
in Slianxi and Hopel, the yellow dust in the air obscured the sun, giving 
the sky a leaden look and penetrating hair, ears, clothes, and cameras. 

Turning off the highway and traveling about 2 kilometers down a dirt 
road (specially smoothed for us, as we lafer discovered) that ran toward 
the river, we arrived at the small, central plaza of Ding Cun, dominated 
l)y a large wall painting of workers of the world singing the "Interna- 
tionale/* the words painted beside it. At that time, we saw none of the 
village population. The village itself was Immaculate. It consisted of a 
ctnnplex of houses and walls built of brick and rammed earth, the walls 
frequently whitewushed (and painted with slogans— e.g., "For industry 
study [Da Qlng]'*; *Tor agriculture study [Da Jai]"; "The whole country 
studies the People s Liberatfnn Army"), and all divided by narrow alleys 
and an occasional ornamental gate. From an upper balcony we were given 
a panoramic view the village with its gray tile roofs; ev^^ry level plot 
of grour.d terraced into the eroded loess plateau surrounding the village 
was iHuler careful cultivation, much of it in winter wheat awaiting har- 
vest. We then de't^^ndc^ ' ig Cun s barefoot doctor and her aide, 
bt)th women in tl cir early [ .les, who showed us the impressive rural 
pburniacy, examination room, and fully adequate supply of Western medi- 
cines (including antibiotics such as sulfonamides, penicillins, and tetracy- 
clines; drugs such as procaine and adrenalin; and vitamins B„ 3^, B,^, C, 
and in both injectable and oral form), as well as its largp supply of tra- 
ditional Chinese herlis. Of particular interest was a birth cuiitrol chart on 
the wall indicating the number of births and deaths for the most recent 
176 years and the number of peasants using various forms of contraception. 

The barefoot doctor (whose surname was that of the village. Dint,; won 
our hearts with her confidence and aplomb in answering our questions. 

Next w^e crowded into several classes in the elementary school where 
we saw children doing fractions and learning how to read (since it was 
now about 3:30 p.m., we guessed that the children had been kept in class 
specially for us). The wide-eyed younger children were remarkably well- 
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disciplined m the teadiers led them through their recitations and as they 
sang a song and then applauded us, One of the great pleasures of visiting 
China was to see the friendly and totally charming Chinese children; we 
left that classroom, as we were to do many others, with hroad smiles on 
our faces. 

We next visited the quarters of city youths who had completed 
Middle School and had "vohmtcered" to serve for 3 or niore years in 
Ding Cun to help the peasants and to learn from them. Three or four 
lived in a room; the rooms wera sparsely furnished, with volumes by Mpvx 
and Engels (in Chinese) by the ■ - Js. After a !:rip to the kitchen where we 
saw man ton, the north China ' bread/' being made, we returned to the 
lt)ng meeting rtK)m, with its whitewashed walls, where we sat with our 
hosts at two lont, rows of fables, under bare electric light bulbs, with the 
portraits of Chuiimau Mao at one end of the room and of Marx, Engels, 
Lenin, and Stalin at the othfjr. Our hosts were the local cadres attached 
to the Revolutionary Committees, Bureaus of Ciiltural Affairs, as well as 
the Ding Cun Cultural Relics Preservation Team. It was typical of the care 
with which we were treated that two members of the histitute of Verte- 
brate Paleontology and Paleoanthropulogy (ivtp) had come by train from 
Beijing in order to show us the site. Another member of the ivpp, who 
spoke English, traveled with us throughout Chi ' U 

As we sipped tea and wine and nibbled on wine-soaked dates (a local 
product), we were given a detailed account of the Ding Cun production 
brigade and the history of the archaeological site. We learned, for exam^ 
p!e, that ihe peasants earn about 1 yuan (57 cents U.S.) a day; that the 
Hverage household savings were 150 yuan; that there were 950 people in 
t !ie Ding Cun production brigade, widi 140 big animals and 224 pigs; that 
over 100,000 trees had been planted; that Illiteracy has been eliminated; 
that each house has electricity; that the population has doubled sii'ice 
1949; that private household plots do exist, l)ut they are now cultivated 
^ collectively; and so on. We were told that, thanks to the leadership of 
Chairman Mao, life had improved immensely suice lllieration, and the 
evident prosperity of the village supported this convincingly- ' 

Tired after our train ride and tour of the village, we were glad when 
the orientation session was brought to a close around 7;30 p.m. and we 
rode back to Lin Fen in the dark through the usual curious crowds, some 
running beside the minibuses for a longer look. Dinner with our Lin Fen 
hosts was a staggering banquet of local delicacies (such as golden ingot 
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eggs). Another of the great jov^ of toiuing Chi iu h the cuudni^ Hte 
dinner that iiight in Lin Fen was superb. 

Piessed fur timej we breakfasted at fi:3i) ti^^ * next morning (surviving 
a mi ' r misunderstanding about Western ta^f es —heavily sugared "coffee- 
tea" served as one drink) and were baek in Ding Cun by t;.00. We left the 
vehicles soon after leaving tlie highway anc^ walked at our leisure down 
the dirt road, which at this point paralleled c vavine deeply eroded in the 
loess, The steep wallsj about 60 meters liigh^ provided excellent exposures 
of the loess and its varied soils^ some of which we exaniined close at hand 
in the roadside banks. We passed through the village where we could see 
the villagers— our first glimpse of the village population— held back at the 
far end of the street and walked down through the fields to the archaeo- 
logical localities^ which lie scattered on the western banks of the Fen 
River. The localities were of great interest to us because of their postu^ 
lated age (Late Pleistocene) and the association of stone toolSj fossil ani- 
mal b()neSj pollen^ and human fossils, which might permit rather detaiied 
reconstructions of past climates^ envlronmentSs and human adaptations. 

The first group of sites was In a cultivated area along the single track 
of the Taiyuan-to-Jiiuf? allway, Prompted by finds originally made by 
peasants in 1953, local archaeological teams have found some ZfiOO stone 
instruments, 28 species of fossil mammals, 30 molluscan species^ and sev- 
eral kinds of fossil fish. (We had already examined some of these finds in 
the ivpp in Beijing.) These came from consolidated sand and gravel that 
lies gradationally below the loess ^ about 15 meters above the present river* 
Because of cultivation and grading, the deposits that produce these arti- 
facts and fossils were now covered, but we saw enough to comprehend 
their geologic character. 

We then walked south for more than a kilometer along the railroad 
to Locality 100, famous among paleoanthropologists as the place of dis- 
covery of thr^e human teeth, again from alluvial deposits, gradational 
below the loess. The geologists in our delegation agreed that this geologic 
J 78 section could be matched In general attributes with Late Pleistocene 
stratigraphy elsewhere in the world. During tins archaeological ramble 
along the loessic banks we were accompanied by our hosts from Lin Fen, 
Ding Cun, and the ivpp. A case of qi shut (the Chinese soda pop) and a 
box of glasses had been carried down to the riverbank and Chinese and 
Americans all sat and drank beneath a tree* The barefoot doctor, who was 
gathering medicinal herbs as we w^alked, took the Occasion to correct a 
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mistranslation in th * previous day's discussion that had given us an erro- 
neously high figure for infant mortality in the village; it was clear that our 
questioning on this point the da) Itifore must have provoked discussion. 
As we walked back through the fields toward Ding Cun at about 
11:30 a,ni,, large numbers of peasants, male and female, bearing their hoes 
and other tculs on their shoulders, sallied out of the villages and marched 
past us towards the fields, well ^dressed, smihng, and occasionally clap- 
ping. 

We drove bar^k to Lin Fen at a leisurely pace, lunched, and, still 
coated with the yellow dust, cought the 3i00 pjn. train for Xian, the same 
train on which we had arrived just 24 hours earlier. And some 20 minutes 
later we were rolling past the archaeological sites where we had been so 
warmly received and had learned so much. 

Ding Cun is undoubtedly a special village that has been prepared for 
foreign and Chinese guests; a printed color brochure^ in Chinese, describe'^ 
the site, and over 7,000 Chinese have now visited it. But the opportunity 
to stroll down dirt lanes in the Chinese countryside, to examine the loessic 
strata, and to see the site of major paleolithic finds, all in the company of 
Chinese experts, was a rare and agreegLble one that permitted important 
scientific and social learning to take place. We saw the archaeological sites 
and obtained new insights for dating and evaluating the finds. But we saw 
more than that. The village of Ding Cun was not just the gateway to the 
archaeological site: it was, in the Chinc.*c view, the necessary eKperience 
through which scientists must pass in order to undei^tand that ti)m work 
exists for, and is supported by, the people. This bloi^d of saentiflc and 
social experience was typical, not just of am day in Ding Cmi, but of our 
entire month in China. 

Visit of Paleoanthropology Deleguti'^n hi thr? People's Hepublic ot 
China; Delegation Chairnian, F. Clark Kowc^ll of tho ITnivt^sJty a!" 
Californiu, Berkeley; Stafl- Officer, Patrick 0. Madcte of thu ihM 
Sdence Research Council, Nuw York. 



REMOTE SENSING FOR DEVELOPMENT 



More than three years into the era of earth resource? satellites, the United 
States is discovering that the heralded cornucopia of benefits is not to be 
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gotten promptly or easily. First orbited in Jul^ 1972, LandSat-I (formerly 
designated Ein\s-I) is a latecomer in the U.S, space applications program, 
whose initial goals were comniunicatlunSj weather monitoringj and, of 
conrse, reconnaissance. These earlier applications catered to well-deflned, 
technologically sophisticated user communities, quickly able to asslmin^^c 
and institiitionali2:a the innovation. In contrastj the earth resource satel it ^ 
prognims potentially affect a great diversity of iLserjj with a great diversity 
of management practices and data need^?. and hence they face a corre- 
spondingly great diversity of prob)'"'^^ 

In the technical performance of u'^ . i v*ipal sensor— the multispec= 
tral scanner— LandSat-I (joined in ' l975 by its twin, LandSat-II) 

has exceeded expectations; however, i. generation design constraints 
—in spectral ranges spatial resolution, and frequency of coverage— have 
limited the value of LandSat data in such sectors as agriculture and 
forestry. I'he ln:ight promise of remote sensing from space for the 
United States has also been tempered by other factors: the diflBculty of 
transforming remote-sensing data into hiformation suited to existing de- 
cision models, and^ more generallyj of diffusing a new technology among 
a heterogeneity of potential users; and the reluctance of resource man- 
agers to convert well-established data collection systems to a source of 
uncertain continuity, in the absence of a firm U*S. commitment to an 
earth resources sensing program. 

With these mixed returns, how should the United States respond to 
the keen interest that earth resource satellites have aroused in the less 
developed countries (ldcs)P What merits and effectiveness does— or will 
—remote sensing have for resource and environmental surveying in coun- 
tries with scarce means^ — hnmanj material, organizational— and one over- 
riding ambition^ — ^econcmiic development? And what, if anything, should 
be done to help Lrjcs use this technology? 

The Agency for International Development (Am) recently put these 
questions to the nhc Board on Science and Technology for International 
180 Developnient (iiosTn?), winch, since 19T0, in a series of reports produced 
for AiDj has examined aspects of science and technology bearing on prob- 
lems of development, Though au) is sponsor and client, the studies are 
intended tur the benefit of the international development community as 
a wht)le uij'^ dve widely disseminated free of charge. 

\Vith the collaboration of the cnr Committee on Remote Sensing 
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PrograniH for Earth Resource Surveys, of the nhc ConiTnission on Natural 
Resa the Board established u Committee on Remote Sensing for 

Devf .npment. At bostids request, aid agreed to a signiflcant broadening 
of flK ^ 'ommlttee s terms of reference, for it soon became evident that 
vm ' ' ^on of space remote sensing in an international context intro- 
ilu s a hu^f of complex and sensitive issues— e.g., legal, political, eco- 
imxmv, open tional, organizational—that would probably influence the 
dcvelcipment of a space remote-sensing system and Its acceptability to the 
world comnumity. In addition, the study would address such matters as 
tUv odV^'tH on LDC usage of technological change in space hardware and 
in ground data processing and analysis; the complementary role of air- 
craft remote sensing; and various options for institutionalizing the space 
and ground segments on some international and regional basis. 

As the Committee learned iit its first meeting. May 27-^30, 1975, a 
score of lpcs have already taken signiflcan 'vteps to foster the use of 
remote-sensing data, and many others have imd some experience with 
remote-sensing products and applications Indeed, the ldcs' response tn 
this new technology—by way of domestic policy Initiatives, research and 
application activities, procurement of services from abroad, and resort to 
international organisations for help—suggests they have a more sanguine 
view of the utiHty of present-level LandSat imagery for themselves than 
the United States thus far has found at home. Sf veral ldcs have already 
committed themselves to installing their own costly direct acquisition 
str'Hr ns and rehted ground pn^cessing facilities, and others have Indicated 
tlk. r intent to do so. Some ldcs are devising new institutional and opera- 
tional machinery in the field of natural resources management for the 
processing and dissemination of remote-sensing data to use^ agencies. 

To developing cniuntries, olten lacking even ba^ic information about 
their national patrimony, LandSat iniagery has proven to be a great and 
initially unanttcipated boon. These countries found 'h- ;ery makes 
possible the rapid and inexpensive production of re. scale maps, 

which, together with thematic overlays that incorpora. a from air- 
craft and ground surveys, fill a vital gap in the nlanning anu execution of 
many types of development pvojects and the F*:ructuring of a national 
rt^rurce i^v ? tory. Used especially for these purposes, and +^or deflning 
water resources and the geomorphology of large areas, remote-sensing 
techniques may well hold more in store for the poorly charted and 
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iincategorizecl developing countries over the next several years than for 
tlie developed ones. Ptemote sensing from spacej by virtue of its synoptic^ 
multidisciplinary character, may well inducej in addition j a more inte- 
grated LDC perception of their natural resource problems, with conse- 
quences for the way ldcs approach the managenient of their resources. 

If space remote sensing serves needs of the ldcs that are different 
from those of the United States, are there implications for the evolution 
of the technology that should be taken into accoiint? Should one consider, 
for instance, the development of a satellite system speciflcally designed 
and oriented to ldc requirements? Or should the emphasis be on 
strengthening and diffusing in the ldcs the ground-based capability to 
process and utilize imagery from a common satellite so - ce? 

These and related questions are being taken up li\ various inter* 
national forums^ particularly the United Nations^ and tlm will warrant 
examination by the Nm Committee, In weighing th:: hiture of remote 
sensing for developing countrleSj the Committee wi^^ ilso have to face 
concerns expressed by a number of ldcs (and by i developed coun- 
tries). These nations see remote sensing posing a thn;.t». to 

• Their concept of sovereignty, in that it constiUites an invasion of 
their national privacy 

• The imperative of their security, in that open and universal dis- 
tribution of imagery (upon which the United States nnd other countries 
insist) may u vnal privileged (mis relative io national defense or national 

• Ih>; principle of equity, in that some countries, or elem?nts within 
a tountry, will profit more from the technology than others, and perhaps 
at their expense 

• The goal of participation, in that unilateral control and manage- 
ment of a global system (by the United States) creates a new condition of 

I, pendency of the many on the one, contrary to the aspirations of the 
182 world community 

Initiatives in the United Nations to check these untoward effects are 
taking t%yo routes: the adoption of an international legal regime with cer- 
tain restrictive clauses and the establishment of institutional machinery 
variously endowed with management, regulatory, service, and other func- 
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tions. Sound and tin ely or nut, thesa initiutives illustrate the diverse 
reactions that reniote sensing has c\^oked from the world connnunity* 
As an innovation^ space sensing of earth resources presents opportuni- 
ties and challenges on many fronts, Not the least of these, in the view of 
the Committee, is how a techuolopv of global dimensions, its practical 
benefits aside, can be made to afflrm interdependence and to promote 
international cooperation. 

Committt-e on Reniutu Sensing for Dev^^lopnientj ConiVnigsion on Inter- 
natinnnl RdiitjunM. Ctniiniittct? Cluiirniun, Iliirlun Cltnv':TnN f ihc 
AHpvn ln.^titute Program on Inteniationnl AfFnir^v Princc^c N } jtaj' 
Officer^ fiilien Engel. 



THE INTERNATIONAL INSTITUTE FOR 
APPLIED SYSTEMS ANALYSIS 



The International Institute for Applied Systems Analysis (iiasa) was char- 
teret! in 1972 and began operations in Schloss Laxenburg outside Vienna 
in July 1973. There are 14 member institutions: 

The Mationai Academy of ScienceSj United States of America 
The Academy of Scfences, Uruon of Soviet Socialist Hepiibhcs 
The Committee lor the International Iiistitute for Applied Sy^-tems Analy- 
sis, Canada 

The C..*nmittee for the InteriiUtional histitute for Applied Systems Analy- 
sis, Czechoslovak Socialist Republic 
The French Association for the Development of Systems Analysis, France 
The Academy o* Sciences of the German Democratic Republic 
The Japan Cnmniittee for the International Institute for Applied Systems 183 
Analysis, Japan 

The Max Planck Soriety for the Advancement of Sdences, Federal Re- 
public of Germany 

The National Centre for Cybarnetics ainl CornputuV TechniqueSj Peo- 
ple s Republic of Bulgaria 
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The National Research Council, Italy 
The Palish Academy of Sciences, Poland 
The Royal Society of London, United Kingdom 
The Academy of Sciences, Austria (1973) 

The Hungarian Committee for the Intemational Institute for Applied 
Systems Analysis (1974) 

There arc some 60 to 80 Kcientists in residence at varioi s ^' nes. ijasa and 
lis programs provide an arena for cooperative work by Ease and West on 
common scientific and technical problems of modern societies, and iiasa's 
t^rganizational management reflects this. The governing council, which is 
composed of one representative from each member institution and which 
has the responsibility of outlining the areas of research to be included in 
li Asa's programs, is chaired by Jermen Gvishiani of the Soviet Union, 
George Hammcmd, Foreign Secretary of the na% is the U.S. representa- 
tive an the Council. The first director of the Institute was Howard Raiffa, 
who, upon his return to Harvard University in the fall of 1975, was suc- 
ceeded by Roger Levien, formerly of the Rand Corporation. 

uaha's chartered objective is to "initiate and sup^port collaborative and 
indi^ Idual research in relation to problems of modern societies arising 
from scientific and technological development/' tksa's programs were to 
coi entrate on "methodological and applied research in the related fields 
of systems analysis, cybernetics, operations research, and management 
techniqiics. 

The initial programs specified nine projects, three being methodologi^ 
cal~methodoloriy, design and management of large organizations, and 
computer systems— and ^ix lieing applied problem studies— energy stud- 
ies, %N ater resources, ecuiogy and environmental systems, industrial sys- 
tems, urban and regional systems, aiid biological and medical systems. 



A P P h i K n IMUl H L E M S T U 13 1 E H 

Euergv systems—UASA's first project begun in 1973— is still one of the 
Institutes major activities. Led by Wolf Haefele, on leave from the 
Kadsruhe Nnclear Research Center in the Federal Republic of Germany, 
the project s medium- and long-range perspective blends an international 
focus with emphasis on planning and transition into new modes of energy 
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prncliK'tbti iiftcl usv. Of s{^f\\\\]Vk\]\tv lur llir dtHiHuni inukfr, ihc (»niTj;)^ 
prnjcfl will offer n ( oinpirlirfisivf s> tithc'?si^ cj| long IfMiM |i(jlli:y eliolcM'H^ 

'I1uMMi(*rjL*v t fMin)luiNi/<Ml iiinlfur (c't'liiM)lng\ in 107:} and IW4 

;i*ic> snhir fMici^iv and {\\v polrniinl lnii!f' s(iilr tisr u( vt^wi In IHTH, Sltulirs 
fhrniiirh HjTT will (i>nii)arc* \Uv pnnioiis fiiilioiis aiul will fiirlhnr invrsli- 
fMli M -oai and ii^vollwnmi] jiuw^r, iUmsklvviyi Uu\u of t'llniiito, onrrgytlc- 
ri lilt 1(1. prrrf^pf jiMi rif tisK, and i nstullatifHi ^it ini^ aw n^lutrc 1 resc^arrlt topics 
nii(frr!alsrn alcmg svilli bnsic tMirr^v s'lpply ciplicjtjs. Tlic* iniTOisrc! ih- 
wmnl Un rnfr^y anuK sis antl 111!' mix >( disciplliius llial tMiiriprehriisivt* 
rrir}|;y fiindi'lnig rv(\\\\tv^ hm t* niuih* llir \vt)rk rsprclally aiiprijiinatt' lor 
n ASA, IIiH*r<«l<\ iilsu hash's Drpiily IJim tor, piMiitH oitl that in HttKlyiiig 
sniiillnns to CDfrgy prnhlrtn^ ^nuilyti<NiI liaMlicKls ^vill 1»t' (U'vdoptM! that 
luivr rclin aiicf loothrr pnj|j|i*rn urtnis, 

'riicMnaiuigtMnnil of river basin syslrnis was tlu» initial i/oiiuti^ in 
n \s \'s wwivr msonrcps r i'SeMUTh. I .eel I y Ztl/^.rshus Katvjnarek,c>f t]i(' VdisU 
A<';uli*in_y of St'if»nrt*.s, the pn)jt'(i tlicMnts in 1975 hit<! iruilliuniutleal 
ticwription of (lond prntrc-ljojf altiTiuilivrs, %valt*i' cpiality imjtldliijl^ wator 
stoniirr ainl optima! allofation iiiocMing, untl the appliuitioii of utility 
llictiry to < on flit' t rrsohtfiun proMcMii.s iti \vat€»r rc*m*iirct's. Turn in from 
ri\iM'l>asln iiiatia^cMiHMit, tlu* rf'StMirili (Miiplia.sis in lf)7f>aii(l Iicyontl uuu 
prohl(*nis of waliM' ri'sourtHvs* micIul^ pollntion lil inland Ntuis^ niana^onuMit 
ol water \nr load pnuliiftiofi tlirniigh irrigution, larKc ^srulo wutiT trans- 
Uns, jiiid tin* wutri'/tMic^r^y inlcTluir in Linisiclenug iiinns vlhci tm tJie 
(I iinatr. 

TIitM*t(dnqy and enviroiianMitul systems prnjet't. lu^ucUul by C l\n\' 
(it tilt* l^nKt*rsily of HriHsli r;()liiriibla, doni(>ii/^^ ihrniigl) pr^icfi- 
lal ;incl tin 'orrtk^al analysis, tlio lienprits ot intt^gratin mjloglc'id scmcmkms 
inodrliiii^, and pt>lity analysis— l.e, oF tlov clupin^ a scicnee of cciisystorns 
iiuitia^enirnl. A stn<l>- of forest and post nuinagement luLsbuRii cwnpletecl, 
uiid the ttu/lifiifpies (levulopcMl have bcnni in a Htiidy (iii irinltitiaticHuil 
eon ho 1 of (islit^rics, wHtli an inillitl facn^i on Pucific sulmoii. A m^c study 
asM^ssing tlip effcH-ts of toiirlsni, hytlradectric do^Tlopiiient, aiicl nrbanlHui 185 
nn liigli Alpine rc^i^ions was ini<lc*rtakt^n in (M)opt»mti(>n witli i^^KJic'c). Sig- 
nUit^ant ties nvUIi tin* Ibilted Nations Fiiisiruninf?ntal Pro^riimmc (uNKr) 
inc'li uU^ jnint sponsorship of e?(pl()rat<?ry vvark.shaps on particular prnl> 
brns, Dr, Hfjlllnghas relnrntHl to V^ukcmis er, and tlio environmental con^ 
avim of n.ASA Iiuvu tiinunl soniewluit froni ecosy.stem.s nuinagetncnt to 
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aiuilysis of ckMriiiitMilul (NivirciiHnc'iitiil <*lfc(Ms, witli increased ititeructlop 
vvilh the energy and Wiilor Jiliidius, 

lha iirl?uii mil rcgionul project, slartetl in 1974 luul led by Harry 
Swuiii, roriiKM'K' vvilli th<' Cuiiadiaii MiniNlry uf Stutc for Urban Alfuirs, 
iinlially focii^nc] n\nn\ nalioiial urban •^uttltment ^ysttiniH, resoiirce' con- 
serving iirbanlKin, uMtl inuniuipal ^^ystcms. Work on mariagonicnt of urbaii 
iMncTgency surv'k-<'?i~urribiihinuUj fire, police— produced a iiscfiil jjurvey 
lor tlimidjuii nmnaHcn. Further HtudieN on national settkmeiit strategies 
and reginiiul clevclnpnieiit prcjblurns are of major interest to x\\HX nnenibers 
aiid will bo taken into coiisiclcratian in fiitiir^ research planning. 

Ill tlie ath<jr uppHocI area.s, the biomedical project examined broad 
popululicHJ Ncreetiinj^ programs and exuniined ways in which resources for 
research to corribat cancer can Vw optimally iitilis^;ed in an iiiterimtional 
context. The iategrated industrial systems* project centered on the analy- 
sis of th^ nio.st eflleient ii.sc af resources in production congruent with a 
society s goals L\m\ coiistraints. Coniparative niethods of steel production 
provided a cu.se study. 

h\ KTHOnf) liW ICAU STIiPlES 

hi the methcKk)log project, the major finiction is service to the various 
apphed 4ireab. The <liHcipliiics raprescntod by the methodology team are 
wide, GcM)rge Daiit^igof Stanford University and Tjalliiig Koopmans of 
Yale University were ua.sa's first two methodology project leaders. Michel 
lUdiiisl<i of the City University of New York currently heads the method^ 
ology group. I.eadliig themes in 1975 were mathematical progrartiming 
and deeision uiialysis, bnth of which have hroad applieability to specific 
problems undertaken In the □ther projpcts, 

Annthcr support area has been the project on planning and manage- 
ment in large organizations, headed by Hans Knop of the National Econ- 
omy Secticn, University of Economic Sciences, Berlin. An Initial case 
I^jfi study of the Tennessee Valley Authority started a series of studies of 
regional developinent, ineludiTig the Bratsk-lliinsk region in the Soviet 
Uiiiuir In the computer sciences project, in-house emphasis has been on 
coniputer networking, but coniputer-aided design and artifieial intelli- 
gence have also been of interest to the project, headed by Alexandre 
liiitrimeiiko of the Institute for Problems of Iiiformation Traiismissioii, 
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imn Acacleiny of S<jii*iu'eN. Workitig vvitli the ('(?inpnlt?r serviceH cbpart- 
ment in Hiipport of tlicj oIIkt jirnjuctn, tlien'omputcr suieiico grcnip revie%v.s 
thestatus uf conipiitiiig at has a, 

Tlic Inistitiitc i.s .spoiisoriiig a uiajor piiblicution R-rios 5iurveyiiig the 
state of tlia art in sysiain^ aiiulyslH ((^riciitod to (lie practilioiier) aiicl a 
handbook (aclihe^NCHl to a \vicler aiidicnice). Dt, Lovleii hm lieatltid the 
siirvey slncc^ il was begun in tbu fall of 197t and m Director of iwhs. will 
contiiiue hi a major rolewitli tbe project. I Dr. Gvisliiaiii is chuinnaiiof tlie 
Survey Etlitoriul Bourcl. The Survey/ Haiiclbocjlc projeut is planned as a 
c'onliiiuing I'uiictioii of iia^sa., with updating of volumes us needed. 

In the viavv of the MAS Advisory Cominittee, iiasa s development and pro= 
gram achieved luiiuli iiiure in only 2 years of actual operatian tluin vv^onkl 
have been antieipated, Th^ geneval opinion \h that the researcli effort iniist 
be concentrated but that the breadth of expertise of the resident Hcientists 
.should he miiintained. 

Organizationally, iiasa is merging the initial projects (except for the 
survey) intofcnir groupiiip; resources and the environment, human settle- 
ments and services, management and tcclinolcigy, and systenis decision 
suientes. Tvvothernes cut across thefotir research area-s: (a) energy options 
for the year 20OO and Ijeyond and (b) questions pertaining to integrated 
regional development. These two thenies consume 50 percent of the re^ 
search budget; the remainder of the hndget Is allocated to tasks in the 
research areas, 

Finances are a difflcult probleiii for iiasa. The charter established 
nicml)er coiitributitsns in dallur terinSj with no way to adjust for inflation. 
Two devaluations of the dnllar and inflation in Austria eroded the Insti- 
tute's real income by almost SO percent by 1975. A 20 percent diies in- 
crease in 1976 is a holding measiire at best, Since the tJ,S. and Soviet 
contributions were originally each set at $IjCO0,O0O and the other mem- 187 
bers' contributions at $150,000, the leadersliip of the United States in 
ensuring the Institute's financial viability is criticuL That role is made diffi- 
cult by the current funding situation in the United States, and especially 
in the National Science FDundatiun, which is responsible for the UJ. 
contribiition, 




\\i\HA\ utility UH an iiistruinciit of fcirciHii polity in best evuhuiloci 
by tlio Wliitu lloii^ie, the Dqiartineiil oF State, unci the Ccnigrcss, Jiidi^ 
tMilioiiH []\\\H far are that ilm cdopc^nitivo uflorts of loading sdciiti^ts and 
inslitulions \mu\v possiblr by im^a art* leading to shanni pdrspcc'ils'c^N, 
vvlikl!, if snucoHHfiil In v.viyu mc)(ln?it vvavN, will justify the hopes of tht? 
rcmiiUt'rs. i\s a spt^uiul !nt(!nuUit)nal uiicleuvorj thc^ Institiile faciis imm 
coniplex orguiiizutioiuil and resfMirdi prohleins than a domestic research 
inslitiitioii, whicdi luirniully would not he evrdiuited hefore an existeiieu 
t)f nt Itnist o years. However, altliotigh It is curly in iiasa's history, u 
variety of veamm call Fur a tliorough review of the selentific prugrani, 
Tlie mw will be working in cniijiiiietion with the National Scionee I'buTi- 
(lution, u^hidi hopes tliat u I)roucl review van he initiated hefore the end 

of ma. 

Ad\m)\y CmmMvi' on Inlurnutioiial InstlMiiu fcjr Applic^d Systonis 
Afu{ly^iN^ CAunnmsUm cm inU'niutinna] RcIationH. Chainnaiu Alvin 
M, UVinhi.'rg <jf <);ik WUl^t' AssiJciated UnivprNilics; Sliifl' Ofliccr, 
Aiiuiisliis Niisiliitlh jr. 



TFIE INTERNATIONAL COUNCIL OF 
SCrK^TIFIC UNIONS 

lnt(*riiulioiuiI Qnnicil of Seieutifie Unionn (ic;su) is a iioagcjvern- 
nu^iital orguiiizution of 17 untcnjonioim international scientifle unions 
unci more than BO national nK^mhers— acudeniieH of science, research 
coimcils, uiid similar scjieiitific iiistilutions, [csv^ main function is to 
iniprt)ve intertuitional sciontific coniiinniieation and cooperatiun. There 
are \iirions svaVH in wdiieli the Coniicil and the 17 rnemhcr unions 
seek to do tins. They hold meetings, sponsor puhlieations, organize infor- 
188 nuilion and data servicers, and sponsor scientifle programs, all for the piir^ 
pirn of cutaly;^ing and spreadiiig knowledge of new scientific develop* 
nietits as {]uickly, widely, and ellicien tly as possible. By standardizing sym- 
bol, units, and nnnienelatnre, tliey seek to make international sdentifle 
eoiiiriianication free of misundtTstanding- Since the icsu represents all the 
sciences, it has an ontslaiiding and perhaps nnique eapability for orgaiii^^ 
ingintercliscipllnary cooperation at the international level 



The icrnj is a iKiiipulilicul nrgunizutiuii, und it inakoH ovvvy effort to 
rcniuln ho, in Hpitc of pms^iires Iroiii various initional gr()iip.s to taktuictioiis 
f)l^ (I political luilure. In linu with il?i noiipolitiual charactuis the ichu irmin- 
tiiiii^ (liut sei( nlisls from all parts ol' iUc: world have the riHhl to parlici= 
patt* In its ucrivilies, rcgarflloss of the political poHtiiros of their home 
eoiiiitries. In union there is strength, and consequontiy the losu Is often 
in a better position than {in indivithial members to intercedt* with national 
governmeiits und iiitergovenunental organixnlio!i.s when there is diserinii- 
nation agiiinst scientists ol a partieulur nationality or ethnic group. 

Tile it:su is also concerned about the problem of eiiafjlin^ scientij^is oi 
developing countries to liecome a part of world science, that is, to enjoy 
tlir honefits of intera<'ti{)n with scMentists around the wfjrld and to cnn- 
tribute tn the common enterprise of Increasing man s knowledge, The icsu 
^Ircssus that local scientific and technological ccjnipetence is an essential 
eleiiiciit of ocoiumiic and social development. 

riiuilly, the icsu is dedicated to the principle that science should be 
tlieHervaiit of mankind and should he fully and imagitiatlvely utilized to 
improve the human condition. 

What is icsu doing to achieve its goals? As space is limited^ 1 will 
deseribo only two of the hundreds of programs, activities, and actions that 
can be identified. 

Each year thousands of scientists from all parts of the world partici- 
pate in scicntifie meetings, usually held for the purpose of discussing the 
latest findings in their fields of spceiali?.ation, Not infrequently there are 
visa problems brought about by political polarizations between the nations 
in wliiuh meetings are being held and those in which particular scientists, 
who want to participate, live. Since World War IT we have seen nurnerous 
*Vwlasion principles" act as barriers to free scientific interchange— e,g.^ 
East-West, two Germanies, Pakistan-India, Arab-Israeli^ South Africa-- 
Third World; visas have been refused scientists wanting to participate in 
pii I ticu la r conferences. 

The k:su has, as a matter of policy, intervened in many such cases, 189 
often successfully. In order to increase the effectiveness of such inter- 
ventions, the fcsu Committee on Free Circulation of Scientists was created, 
It receiver complaints, investigates individual cases, keeps records of prob- 
leiTis, and informs meeting organizers what problems to expect if they 
.accept invitations from particular countries, The Committee— now com- 
posed of representatives of the Royal Society (London)^ the French Aead« 
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cmy of HvmivvH, llio Suvlc^t Acadc^niy uf BciencuSj and \lm National 
Acaclciny of Hcicnv^H, unci uluiircid by a nieinht^f of the? SwcHlij^h A^ciulemy 
ol" Scit^iRt's— has l)Ooii snt'ceshliil 

A sviwul vM\mp\v r)f icsit aclls'i IS lh(* Globiil AInuispheric Uc- 
svmA\ Pn)^runi (aAWv), which is hciii^ planiKul jointly by the Jcsu iintl the 
World Mt^tcoiolugic-al Organization (sco page US lor more uo c;aup). 
Tlit' goal of the program is to IntTease our knowledge of the circnlation 
of ihu tnirth's atmosj)hare aod thereby enul)le m tcHinprove miincrical 
inotbis nf the almosphure usod in weather forec^usting and hnig-range 
cliinale precliL'tit)ns. Huru, then, is a program that has the poteiitiiil of bolli 
inertuisingHciontific knowledge and Imnofitlng mankind. 

The first nuijur n»idertakirig uf lliis prugrani was thf* oawv Atlaiitic 
Tropical Experiment (fiATic), whicli took place in the fiiiinmer of 1974 and 
Lcnitiintetl for 100 days, cjentering on an area of tlie ocean ahoiit one-tlilrJ 
of the* diKtunce IVnm Senegal to Braieih The interpretation of the data 
anuissed tlnring the experiment is Just hegiimlrig, but tliere are already 
signs that this research will have ari iniportant impact on tliinking aboiit 
one of the central pn^blems of atmosphoric science: tropical conveetion 
and clond systems and their interaction vvith alinosplieric: circulation 
patterns, 

fiAiK illnstratrs vc'ry well the aclvantageji to our covuitry of inter- 
nalional scientifie ecioperation, Conld American scieiitistH have clone thlN 
alone? In the first placT, scientists of the Uiiitcd States and tw^elve other 
C()nntries had the pflvilege of using the territory of Senegal as the base 
for their research. Day-to-day operations Nvcrc pluniied in Dukarj where 
an Americun and a Soviet scientist shared resipfinsibility for direetion, 
I^Vcmi Dakar, more than 300 aircraft aiission^* vveru flowi to observe 
ntmospheric phenomeiUL C)l)vioiisly, this could not have beeri done with- 
ont the full eooperatiiin of the Senegalese government. 

What about manpower and eciulpment? Most of the phaies vvere 
American, but most of the diirty or forty ships were not; in the main, they 
190 were Soviet and British. What ahont cost? The iiiitial coat of gate wm 
$S0 niilllon. Of this, our cuuutry covered 60 pcreant, Another 30 percent 
of the cost was c^overed by the Soviet Union, and the reinaiiuiig 10 per- 
cent was paid by the other participating couiitriesi Brazil, Caiiada, Fin- 
land, France, the Federal Repnblic of Gernriany, tie Germari Democratic 
Repul)lle, Mexico, the Netherlands, Portugah Senegal, aiid tlie United 
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KingduiTi. Note tliut ihrvc cluvelopiiig countric's joiuud this effort. Aho 
noie tliut all ihi' clula coIlcH^tc'd thr()iigli joint ofFort** are availabin lo 
Ainorituui Ncientists, and lluU tliurc^furt' we ohtairuul $50 iiiillioii vvnrtii uf 
rf's('iir(/}i for $30 inlllioih 

llu' i\A\w prograiii lia^ clearly Iktii a hurgaln to uU cciiiiTriitHl, In 
uthcr ways and im dilFc^riiig Nc^ak's, tlu' olber u;sii prdgnunH arc^ liui'};nins 
as well, i\A)\ (Hily for tlu' Uiiitod SlalCH, hut For all iiianklruh^ 



Goveriiiiig Hniirti flu* Natlciiiul KusfMircl] Cuiinril 




* More infuniKitiim fin iCHv activities is available from the Hoard on International Organi^.a- 
tions nnd Pmgfani^ of tho nhc Commi.ssion on International Relation* or tlireclly horn 
the in^u Sycr«tariut, 51 Uoiilevurd do Nfontmoreney, ?5016 Paris, France. 



199 



INSTITUTE 
OF 

MEDICINE 



200 



iXiNALI) S, FBEDIUCKSON 

Prmitknt (1974^1975), jristltuiu of Mtdicino 



2U1 



17 



Towarcl a 
National 
Health Policy 



Lagging behind many other countries, inchiding its neighbor to the north, 
the Upilecl States moves at a glacial pace tuwarcl a national health strat- 
agy. tat to health Kystenn is bracing for a whirlwind of change, which, to 
.some within the system, seems a harsh reward for decades of remarkable 
progra.s,i Defenders of the status quo are right to reniind us that the tuber- 
cwhm ^i;uiutnrinms have been emptied, that vaccines and antibiotics have 
nearly finished the dread of fever in a child, and that so many of the 
dinemm ihut we still cannot prevent are nciw at least correctable. 

Tim principal motive for reform, however, is not the failure of the 
public adjust its expectations to a slower tempo of conquest of the 
chronic {Ji^eases nor u revolt over the problems of access to a health system 
that hm grtnvn more coniplex and anonymous. The real national dissatis- 
faction with health care is with its soaring cost in dollars, a cost that 195 
increuse^ fuster than the general rate of inflation. To economists, the cost 
spira] $mim particularly ominous hecause, if it is measured by changes in 
mortality rates or in longevity, there appears to be a steadily declining 
ratio of baneflt to cost. Indeed, some economists and epidemiologists now 
view t\m effects of medical care m marginal and believe that other fac- 
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torH— siich as lioiisiiig, polliitioii, poverly, wnd urinie™l()uin lurgur as 
cleterniiiiaiitN c?f tlu? ((iiality of lifci and of prcnialurc* niortality, 

ThiN viovvpoiiit only half pt'Otiuda^ the* polilitian**, wlum scale of 
values is nion* practical In tlio ulloutillon of paMic fiincls, only clefcnso 
and jirrliaps highways uan match tlii^ prlcirity acairclecl access of the 
citizen to nieclical cara, To guarantee this accuse to lurger and larger frac- 
tions of tile population, Tnore and innre puljlici rnoiiey is required annually 
™increusliiglv troni the lederal goveTiiintMit* 

Because of it*^ mounting role us giiarantor of liealth carcs and beeanse 
nf the strong remedies uvailalile to it, the fcclcrul government has become 
the single most coinpdling force for cliaiiging the health system toward 
greater cost-efFectiveness. Tho ciuestion now k nut whether hut how corn- 
r ■ 'tely shall a largely vohintury fee-lbr^servic0 industry he converted to 
a prepaid, highly regnlutcd pnl)lic; service system, The answer is not 
revealed in any generally adoplud strutegy. It 1.^ being determined hirgely 
by a series ol political uomproniises, AtriNkcsf tmnsformation in this pro- 
cess arc the traditional wayH in which physician?i and other health profes- 
sionals are traineth located, and paid; the tuiitunt and style of professional 
pracHco ancl the nuturo of ethical Uiid legal CH)n tracts between physician, 
patient, and society; the division of raspongibilities between medical 
Hchools and universities: the fiiianeing, the management, the afRhations, 
and even the design of liospitals and cdiuics; and the .support and empha= 
SIS of l)i(nn(^dical researLTi aiid the gruwtli iml uses of medical technology* 

liccunse of the complex issiioN of polic7 and conflict rehited to tliese 
pefiding transhjrmutions, the Academy created the histitute of Medicine 
in 1970. The Institute initiates stiiclies hotli uii its own and in response o 
recpiests ironi Congress or the e?ceciitive Ijranch. The present program 
coiisists of seven categories, which are interrelated and represent more a 
syncytium than isolated cells. Thcfeie categories arc the support and direc- 
tions of health science rcsearcfi; education aiul mnii power policies; assur- 
iiig tpuility I!! heal til care; the flnaneing and organ izution of the health 
196 system; reorientation of the system to u prevDntive mode; ethics, the 
lusv, asul S(}clal choices: and the developnient of national health goals 
and strategies, 

Some view of the breadth of client is obtained from e:^amples of 
projects now complete— a re\ iew of the Nntionul Cuncar Program Plan; 
a gronndbreaking study of the costs of ediicating physicians and other 
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hcftlth pmfo,ssH)nal.s; cictailcci pulicy Htatemeiit.s coiit'cnied with lieulth 
rnainteinuiciu orgaiiii^^atiuiiH and cnuillty usmiiancc; uonfcruiicu reparts cm 
etliicml and rugulutory a^poctH of lic?alth care; uiiiiniil rovbws of tlie 
AdmiuijitraHoir*! health budget; and a study af wiia* h known iibmit the 
incHlical effects of abort icni. 

The Uirge^st single stiidy that we havo cvur undertiikoii is the rao^t 
5iearehing analysiH ever made of tlie fiiiaiicrial underpirinlng of hospital 
pregnuluate aiid pojitgraduate training of medical and usteoputhic physi- 
cians. The eungre.sNional charge for the Sauial Security i^clinini^tratioii 
Stndy (now completed) rehUes to the vyuys Medicare and Meditrtid 
funcb are vised to reimbiirsa practicing physicians and re.sidcnts during the 
complex interactions that provide medicnil cnirc* to patients wliile eduoat- 
ing the next generation of doctors, Embeclded in the charge also are ques- 
tions about the dynumics of how mmc- IfiOO teiichiiig hospitals decicle 
how many sul)specialists of one kind ar another they will tiini out yenrly, 
how federal funds influence the ii.se of foreign medical gmdiiateSj aiicl 
how the specialist chooses the location for Ills practiee. The rcecrnnnoiuia- 
tions recinestcd from the Institute carinot help hut materially afleet the 
structure and impact of national health inmraiice,' 

Staff work has already begun on other projects pertaining to cost of 
liealth care, such as a study to find alteriuitivos to adjiidiciiiion of inal- 
practice as torts and the now intolerable biircleii of aiTiortlzing the mal- 
practice costs through the present insuranee incKle. 

The lustitnte of Medicine feel^ a particular Dbligation to enoourage 
scientific and health care in^stitutioiis not to lose sight of tlie economiu 
•realities of healtli care costs in their deci^lon-inakiug processes und setting 
of priorities. No one should be ullovvud tc) fnrget the coinpari^on in cast 
between a Drinker respirator and a duse of polio vaccine. However, bio- 
niedical research, the oldest continuous reforin inovenient vvlthin medi- 
cine itself, sonietinies has had the paradoxical effect of making health 
more expensive, The prol)lem here is not kncivvlcdge, but the use of 
knowledge. One issue is the lack of satisfactory attentioii to predioling 187 
the effects of certain health technologies before coinnutnnent of vast 
resources to their deveh)pnieul. This Is one ol the fuiulamentals of Net- 
ting priorities in allocation of resources for biomediLMl rescareli aiul 

* TIm* report of the jitudy, Mcdican'-McHUaiid Rvimhtmenmit Pot ides, wm \mm\ in 
Mnrch I97a 
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develcpment. Aniotber imm Is the sometimes prematiire extension of dis- 
coveries to elinical diagnoils and treatment ^vithoiit assessment of effec- 
tiveness or continued mcnitorlng to relate ultimate beneflts to costs. When 
these benefltjd^ not materially improve the quality of life of an individual 
or when the costs iinpliige unfairly on other priorities ol society, the prob- 
leins beDcma^ ethical fts well as techntcal 

One Inv^^stigation that we are engaged in entails a harder look at flie 
decision-Tnakiiig ptoFCesies involved in hurnan experimentation* The im* 
portance of thnmks^^s movQs to a gratid scale as large randomized clini- 
cal trids hoeome Incyeaiingly important. Who can best reach the decision 
that siiflBcierktc^IleQtive doubt exists, and that the pQssibilities of gettiiig 
answers are firm «uotigh to begin a trial? What algorlthnis can be invoked 
in pe^r and ethiciU review pfocedures that preserve the possibility of 
honest iri<|uiry vrlile protegting human dignity and rights within the spirit 
and tlie inlenlof th^ lavvP How can the risks to subjects and investigators 
be indemiiiflcd? 

Another mpottmt target for gimilar examination by the Institute is 
the available proicegs for detennining the efficacy of egtablished medical 
procedures. Ilere^ 1^ ^ pending ^erie^ of diflRoult questions whoise solution 
national lioallli iriHiranee is certain to muke Imparative iTiere is Insuffl- 
cient jnetliod, loglo^ and aoinmltment to provide the answers. 

Under itsuu^rerit gsant from the Andrew W, Mellon Foundation, the 
In^titLite is anabled not only to e^anilne the decision-making processes 
themselves bmit to oxpbie the ioclal dimensions and the long-range con*^ 
seciuances of inajW lechiiical, administrative^ and political decisions 
aflFeotiJig the liea]th system. 

Such iinalyses \r%i\y^ indcecl, provide the process and the siibstance 
from whicli a. eoherefit natloiial health strategy or pdicy at last emerges, 

UON^Lp S. FnilDlllCKSON 
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MANPOWER FOUCIES FOR JBIMART 
HEALTH CARE 



Primftry htnilth am Is less avnilaWe than II should be In much of the 
United States, ac%wclliig to lriQr€i%^lngly intensa confimcnt hy physicians^ 
other health svorkers, loglslrttors, governimcnt offlglals, and the general 
ptibllc* There less eonsensiis, however, on wliat f imctlony are cciinprisad 
in "primary haalth core** and whg should perform those f «nctloins. 

In n^i€l4075, iJie Institute of Mediclna hegan im efiort to sort out the 
policjf questloiis, cletetnnlne wliother knowledge Is available to help 
ftiiswer the ciiiestlon^, ancl come up with racominendatlDns for publlu 
pnlicy actions thut can ijiikle the dovoUipment of a mftiipower supply far 
primary health eiire, The stiidy is supported In oqual ihares by Institute 
cor© funds fronn tlie Robert Wacnl Johnson mA W, Kellogg foundations. 

Goniplftlnts iibout the Inadeqtmcy of pfltnary care have arisen from 
suoh diverse but i^latad situations m the Inability of sonie parsons to 
engttge a phyMlciaii, the feelings of others that the physician they do 



engage is not warnily enough concerned with tlair pli^t, and the rising 
price of medical csrc delivered by professionals %vhose pogt-high-school 
education may take up to SO years. 

Several rnodes of medical practice have appeared duriiig the past 
clecide to a\\Bky Home of tlie eonaem about tlia disappearance of the 
logendary gp. Fannily practice became a specUlty, aiad thus is more effac- 
tively conipetltivi with other specialties in attracting inedical gradiiatss. 
Physicians' helpers w^ere more formalized as products of training progranis 
for phyiicians' assisiaiits and nurse praotifcioti€i's« Specialists in such 
fields as internal Tnedicinej pediatrics^ and obstctrlci and gynecology 
expanded their aativities as physiclaiis of "flr^t coiitact/' And the idea of 
the healtli care *'tmm^ has been taken up in niaiiy setHngs In order to 
spread the work load, 

Still and all, these developineiits in medical practice have not fully 
met the problems that evoked thenis andj In fact^ they have raised new 
problems. Faniily practice is only one of several models for primary oare 
and lias not demonstrahly met the needs of the whole population. Physi- 
cians' hel|)ers are proving 'very valuable but ^ould be even mora so if 
some wide agreenient caiild be reached on vvhat serv^ices they can per- 
form under what iupervisory arrangemeiits, Health care teams seem to 
have a great potential fcr efiectiveiiess in primary care, but first there has 
to be some consensus on who should direct the team, In sum, as the 
Institute s study plan states, 

bt*causD tho functiorial rcspoiiHihilitics lUid rale IntDiTplationships among the 
rtiany providers of priinary care senlces are uncertain^ it is not at all clear 
whether the divoTHe niaiipovver iiiitiatlves currently being inniplenne:nted by 
different ^cginciits of society are coniplenientiiry piecus of a cohesive healfli 
nianpower .stratDgy thcit will, in fact, he ahle to mmt future societal needs 
for priniary carc\ 

On a schedule that may extend 2 years^ the Instltuto examination has 
begun with the assembly of a steeriiig committee, which has the job of 
2(K) defining the study *s principal issues. These migJit include not only such 
current concerns as physician maldistribtition, but also questions of the 
"caring" function, disease prevention, continuity of carej integration of 
services other than medical^ and the consequences of recent nnaiipower 
developments, siich as the family pmctlce specialists und physicians' 
assistants. 
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The stiidy*s second pWim will be the pulling together of inforaiation 
required for the comniittt^a s eon:;fderation of the policy iisuei prsvioiisly 
daflned. A beginning setarch of tlie pertinent scholarly treatises is provld- 
iiig soine impressioiii about v^hat does and does not exist among the 
numorous studiei on one or another aspect of primary care. A few 
exannplas; 

• Pxinnaiy^ health caie is a larger entity than primary tlierapantic 
treatment; it also includes dliease preventioxi and health promotion. 

• Physician extenders (niirses oj aiilstants) have been evaluated on 
the hasis of strueturej proceis, patient load, and costs, but not on the 
basisof oiitconiefor the consumer. 

• The declirie in nuinber of cps has not been olFset by the entry of 
specialists into primary care, but geographic distribution nnay be more 
crucial thaji physiciaii immbers to the av^ailablllty of priniary care* 

• Coordination of care often is comproinised by Inadequate organi- 
zation and commLmication, 

• The potential for primary care to rediice medical care costSj by 
providing ambulatory services in clinics as a substitute for some hospitali- 
zation^ Is not realizable under many third-party payTnents plansr 

Tile third and final phase of the study is the steering coinniittees 
developrnent of policy recomniendatJoiis based, as the study plan states, 
on *'co3isideration of 'what is' combined with CKpert professional judgment 
of 'whut should be' in the supply of primary health care workers/' 

Coininittec on Waiipower pDlicies for Primary Health Cnrej Institute 
of Medici ne. Steering Committee Chairniaiii Harvey EstDSi M.D,, 
of the Diifce XJniversity Medical Cunteri Sta0 OfHcerj Ouida "Upchiireh, 



.EVALUATING QUALITY ASSURANCE 
IN HEALTH CARE 



In industry, quality control is novy a large subdiscipllne of the englneeririg 
sciences. In the health eiiterprisei however^ quality control=inore usually 
and optlinistically called ^'quality asiiirance'~has not until recently be- 
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gun to pull itself together into a fleld of itudy. Tlia reality that qudity 
assurance in heaJth care k a field for considerabli itiidy lias been under- 
scored by the federal govemment s creation of a nationwide systein of 
Profeisional Standards Review Organizatioiis (psros), iiow being asiein- 
bled to review the approprlatenesi and quality of institutional health 
services flnwiced by the Medicarej Medicaid, and Child Health programi. 
The predicted nearneis of soitie Miid of national health Insurance plan 
makes the study of quality assurance even mom urgent, tte piesumption 
being that If government is to guarantee health care for fveiybodyj^ it 
cannot entmit the definitioii of that care solely to the prefessiotii that 
provide it. 

In niid-1975j the Iiiitltiite of Medicine embarked on a year-long study 
to collect the scattered kaov^Iedge of the developinent of quality assur- 
ance programs for health care, evaluate the effectl^^anesi of tiie many 
different predeceiioi programs tlat experirnanted with portions of the 
task now handed to psaos, and^ probahly inost iniportajit, idantify the 
types of knowledge that are riiisslng but needed to build an effectual 
system of quality coritroL 

The study was contracted to the Initituta by the Df partnient of 
Healthj Educationj and Welfare. It Is a lineal descendaiit of two para- 
graphs in Section 4 of Public Law 93^-222^ the. Health Maintenance Orga- 
nization Act of 1973. That entire section called for a sweeping assessnient 
of health care quality ssaurance mechanlsmSj the coiistruction of funda- 
mental principles for the conduct of any quality assurance program, and 
even for the evaluatiori of quality from the standpoint of die eonmmer. 
The preseiit study is only a portion of the grand investigation outlined 
in the HMO Act, 

The present study also is a collateral descendant of two Institute- 
initiated activities undertaken after the enactinent of Public Law92-603j 
the Social Security Annaiidments of 1972 that spawiiad Pssos. The first 
was a year s study of policy issues involved in the establishrnent of psros 
202 or any other puhHcIy sajictioned mechanisms for the re^le^r of profes- 
sional standards for rnedical care. That examinationj by an Institute panel 
headed by Dr, Eobert J, Haggertyj then professor of pediatrics at the 
University of Rochester, resulted in a policy statement, Admnoing tJw 
Qmlitij of Health Cam, The statement^ published in A-ugust 1974, was a 
detailed discussion of principles fundamentnl to any quality asiurance 
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systom^ along with an exploration of the present state o£ q^iiallty measure- 
mmt methods, the kind of data needed to determine die efflcacy of health 
care, the variety of expertiie that might be required to make Judgments 
in a large-scale qiiaJlty control program^ the costs and beneflts of quality ^ 
assurance programs of various scopes^ and the ways In which quality 
ineasurenients might he used to further education of health care providers. 

The second recent Institute activity antecedent to the present study 
. was the November 1874 membership meetings -whose 1%-day program 
was entirely devoted to quality asiurance issues. The keynote presentation 
by Dr. Avedis DQiiabedian, University of Michigaii profeesor and pioneer- 
ing scholar in health care quality assessment^ suggested the job was far 
from done- The study of health care quality^, he sald^ *'is so compleK and so 
much of it remaini unexplored or known only by rumor or conjecture, diat 
all I can hope to provide is a rough sketch that . . . pointi the way to 
further exploration Into parts of it that now remain in partial shadow or 
virtual darkness/' Nothliig said by the iucceeding speakers indicated any 
greater conndenee in the e^cisting knowledge. 

Additionally^ long before the creation of psros, the Institute con» 
ducted as its first major study an exarnlnation of contrasts in health status^ 
begun in 1969 by the panel on Health Services Research of the Institute's 
predecessor, the Board on Medicine. The objectives of that study were to 
develop and test a methodology for comparing the effects of various forms 
of health care delivery on selected population groups, The study devised 
a method that iised particular diieasei as ''tracers'' of the qnality of care 
received in various medica] settings. The concept and technical details of 
the tracer method were explained in Contimts in Health Statm, Volume 2, 
published in June 1973, Volume 1, also published that month, was an 
assessment of perinatal mortality in New lotk City as a measure of the 
quality of prenatal care. Vohinfie 3, published In rebruary 1974, de- 
scribed a trial of the tracer method to assess the health status of children 
In a sample of more tlian 1,400 families residing in high- and low-income 
areas of Washington, D^C* 

Against that baclcgrovnd, the present study is, in the words of the 
contract, "to provide an expHcatlon and synthesis of ciirrent knowledga 
about the study and development of quality assnrance systems . , as 
well as to evahiate the systems themselves and map routes to the most 
important territories now marked '"unexplored/ ' Along the Nvay^ the study 
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may look into such specific matters as the application of quality assessment 
to ambulatory and long-^term care; the effect of quality assurance pro- 
grams on physician behavior and the comparative effectiveness of such 
feedback as sanctions, peer pressure, or continuing education; the co$t of 
quality reviev^ in systems that otherwise appear workable; and the manner 
in which the consumer niight be influenced to seek appropriate and high-- 
quality medical services, In addition, as a shorter-term study-withln-a- 
study, the reliability of discharge information that is abstractad from 
hospital medical records v^ill be assessed to determine its usefulness for 
evahmtion purposes. 

Evaluating Quality Assurance in Health Ci\w^ Imtitute of Mi'dialm 
Steuring Committee Chairmanj Robert J. Haggerty of the Harvard 
School of Public Healtli; StalF Director^ Linda Demlo. 
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On Potential 
Sources of Bias 



Prospecllw Tnembers of a study committee are requested to complete this 
''bias'' imn whenevor the coinmittee may deal %vith matters involving 
value jxidgmcnits as well m the evahiation of purely quantitative materiaL 

Reports appointed coinmittees and other bodies of the National Academy of 
Science^:/N4Hanal Academy of Engineering/ Institute of Medidnc/ National 
Research Coimcjl which consider technioal niatters directly relevant to issues 
of public,^ interest or pDlicy frequently contain ennehn^ions and recommenda- 
tions th^t wcessaHly rest upon professional value judgnients as well as upon 
(luantitixtivdy evaluated data. 

Whm thig is the case, some instances will arise in which it is inappropri' 
ate to appoint to memhersliip an mdividual who has a substantial professional 
or flnariqSrtl interest that would be affected by the outecnnu of the deliberations. 
In other i«.^(:unces, however, it may be iniperatlve that appointments be made 
in such ^ \my as to represent a baUmce of interests or opinions known to be in 
conflict. 

It in tm these reasons that you are requested to complete the form on the 
reverse H^wof, showings (1) industrial or commercial affiliations over the last 
ten year^, m an employee, director, ofBcen or consultant; (2) sources of re- 
search .il^ppOrt over the last five years; (3) the names of conipanies in which 



216 



IX A 



you now hold fiiiaiicial interests in an amount eKceeding $10,000 in market 
value, which also represent more than 101 of yom cuitent holdings. 

More subtle is the question of oAer potential sources of bias, e,g*s views or 
conclusions to which you are publiGly comniitted? other than through fomial 
publication in scientifio or engineering journals, on niatten within the purview 
of the group to which you are appointed. You are asked on the reverse hereof 
to indicate any such activdtfes or conriniitinents which^ in your judgment^ might 
reasonably appear to others as potentially coinprortiising of your independence 
of judgment, and hence in some measure prejudicial to the work of the group 
on which you icrve. 

If, during your term of serviccp any of these conditions should changep a 
letter explaining the circumstances shauld be provided for the file. 

Each of our cammittees and other similar todies is asked to discuss the 
matter of potential sources of bias at its first meeting and once annually there- 
after* On those occasions the chairman will share with the other members such 
information from these statements as may appear relevarit. We shall treat the 
statements themselves as privileged to those of our offlces whose proper busi- 
ness tjiey are; the information given will not be iTiade more widely available 
except under the inost unusual circiirnstariceSj and then only with the approval 
of the individual to whom it pertains. 
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NAinONAL ACADEMY OF SCIENCE NATIONAL ACADEMY OF Ef^CB^BERlNrC 

INSTITUTE OF MEDICINE P^^ATIDNAL RESEABOT COWCtt 

October, 1975 



80ARP, BIVISlON, or eFFiCE I'll^SENt ApflL^lATIpN 



COMMITTEE 



(Above lines to be completed by cognizant office before form is sent to ap- 
pointee) 



1. INDUSTRIAL OR COMMERCIAL AFFIHATION8 DURIKG LAST TEN YEARS 

(a) As an employee (state position) (b) As a Director or Cafpcmte O^icer 



(c) As a cormdtant 



2. SOURCES OF RESEARCfi SUPPORT DURmc LAST FIVE TfEARS (othsr than employer) 



3, COMPANIES IN vmmi YOU HAVE CURRENT FimT^ClAi iMTmESTS (PlaaSe llSt 

only holdings with market value in exces.s of $10,000 \vhicl also amount to 
more than 10% of your total investmenti. Please do not list actual ariiounts,) 



4, ADDITIONAL INFORMATION (o^g.^ vie%vs expressed publicly relevant to inatters 
within the purview of the group to whioh you me appointedj other than in 
fonnal publication in scientific or eiigineerliig jounials; seo f owrtli pamgraph 
on reverse side.) 



Date Signatnirc 

This statement is privileged to those offices whose proper business it Is, It wll 
not be made more widely available except vvith the approval of the individual 
to whom it pertains, 



Appeiiclix B 

Guidelines 
for Review 
of Reports 



The^e guidelines, prepared by the Report Review Cumnilttee, are pro- 
vided to all reviewers of m\c reports— whether they are reviewing for the 
involved Assembly or Comniisslon or for the Report Heview Committee. 

« « 9 

Every report from the Academy coniplox (^AB-NAK--NHC--IO^^)^ before it is 
issued, is reviewed by a group other than the authors* The purpose of the re- 
view is to help authors make their report us accurate and clear as possible and 
to provide greater assurance that the audioring committee and the institution 
are creditably represented by the reports published in their name. Whereas the 
reports are prepared by carefully constituted eommlttces of ejcperts* the review 
group consists of scientistSj physicians, and engineers usiuilly not specializing 
in the subject matter of the report. 

It is their task to read reports thoughtfully and critically, to make apprO" 
priate comments and suggestions, and to identify in advance possible difHcult 
or troublesome questions that are pertinent and that might otherwise be asked 
in embarrassing ways after the report is made public. The reviewing group 
may disagree with the authors and is free to press its views upon them as 
strongly as it wishes, but it must bear in mind that the authors must sub» 
scribe to the final formulation, Reports are issued in the name of the Academy 
and over the signature of the authors. Thus, both have responsibility for the 
final product. In this connection, it should be noted that, throughout the 



219 



APPENDIX 11 



Atuidprny ccnnplcx, tlie roviovv process is tmmiUmid by tin? Uoport Review 
Ccnninittc'r. 

llpn* arr mmv kc y c|ui'stl(HiS tluU rrviewt'rN HluHlld hmv in tmnd when 
nnuling dnift(s)' 

L Is the report clear and concise? 

2. Are the datu adeciuate for the argumeiit presented? 

3. Are the uncertainties in the data recognized? 

4. h the report cample teP 

5. Ih the report fair? 

6. Could the "conflict of interest" issue harm the report? 
7* Are political questions handled with circumspection? 

8. How does the report relate to other published material on the same 
stibject? 

These questions, as expanded below, may not all apply to a particular 
report. Also, the revlewhig panel need not be concerned with detailed editorial 
comments^ which can be Imndled more efflclently by the Editorial Offlce at the 
tifi!c of editing of the final draft, 

1. Is it clear and concise? 

Is there an adequate introduction or summary? Is the task of the stiidy stated 
clearly and arc the conclusions adequately developed and CKpUcitly formu- 
lated? Is the argument and exposition put in such a way as to be intelligible to 
the intended audience? Are th j style and level of the report consistent through- 
out or, if not, are the parts intended for different audiences clearly distin- 
guished? Are technical terms adequately explained? Do figures and tables 
really support inferences made from them In the text? Does each have an 
essential function? Arc there places at which additional figures or tables would 
clarify the text? Are there statements that are ambiguous or may be misunder- 
stood? Is there too much detail or needless repetition? Is there excess jargon? 
Are there arguments that should be recast and made more cogent? Are there 
illogical or incomplete arguments? 

In short, do the authors make a clear case for their conclusions from the 
standpoint of a less involved or less committed audience? 

214 

2. Arc the data adequate for the arguments presented? 

Does the report meet high standards of scientific and technical excellence? Are 
the appropriate ciuestions analyzed quantitatively? Does the report present 
adequate data for the problems considered? Do the conclusions follow from the 
data? 
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3. Are ttw unaertaintiBS in tfw data recognizedP 

Does tho report adoquately present any uncertainties intrinsic to the dataP Are 
systenmtie errurN noted? Are appropriate statistical methods used? Are the 
possible influences of these uncertainties on the conelusions suitably noted? 

4. Is it complete? 

Is the report as complete as is needed for the purpose? Are Important relevant 
subjects omitted? Is some pertinent experimental evidence omitted or Inade- 
quately represented? Are some topics slighted and others overemphasized? If 
BOj does this bias the report as a whole? 

Does the report add something mw or is it just a restatement of well- 
known facts? 

Finallys does the title fit the contents? 

5. Is it fair? 

Are the viewpoints of others fairly presented? If there are strong criticisms of 
institutions or individuals^ are they necessaii^ to the case at hand? If so, are 
they non-pejorative and adequately documented? If the government policy or 
action is attackedj is the policy or action in question adequately explained and 
is the criticism well fonnulated? 

6* Conflict of interest 

Is material that might appear to be special pleading appropriately supported? 
i Are recommendations being made that will benefit a particular institution ( in- 
cluding nas-nae-nrc-iom) or group of institutions with which the autiiors are 
connected? Does the analysis in the report reveal or suggest bias or favoritism? 

7. Are political questions handled with circumspectionP 

Are there recommendations to the government that may not be appropriate 
coming from the Academy as an institution? If these are proposals to govern- ' 
ment agencies^ are they based on adequate scientific and technical grounds? If 
there are suggestions for legislation^ do they address the substantive general 215 
problem, leaving the details to appropriate political institutions? 

8* How does the report relate to other published material on the same mbjectP 

Does it add enough that is new in the way of hard infonnatlon or perspective 
to be worth the effort invested in it? 
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Conclusions: 

Virtiially nono of the questions listed above is such that simple yes or no 
answers will be obtained from reading the draft report. Exercise of sensitive 
judgment is essential. The authors should be given the benefit of the doubt 
unless the possibility exists that the report will not creditably represent the 
writers of the report or the National Academy of Sciences. 



The Press and PuhlicUy 

In the event that a reviewer is questioned by reporters on a document he had 
reviewed^ he is free to discuss the report only after he has determined that the 
report has been released to the public. However, he should refrain from refer- 
ences to earlier drafts and should keep in mind that the deliberations of the 
review panel are internal to tihe Academy complex and, thus, remain privileged. 



216 



222 



Appendix C 

Officers, 
Councilors, and 
Members of 
NRC Commissions 
and 

Executive 
Committees of 
NRC Assemblies 



APPENDIX C 



NATIONAL ACADEMY OF SCIENCES 



OFFICEUS 



PreHdmt 
Vice President 
Home Secretary 
Foreign Secretary 
Treasurer 



GEORGE S. HAMMONi) 



SAUNDERS MAG LANE 



PHILIP HANDLER 



DAVID K. GODDAm 



E. R. PIORE 



COUNCIL 

c, ANrmsEN, National Institute of Arthritis, Metabolisnij and Digestive 

Diseases, National Institutes of Health, Bethesda, Maryland 
HORACE w, liABmcK, Hale Observatories, Pasadena, California 
NicoLAAs BLOEMBERGEN, Harvard University, Cambridge, Massaohusetti 
BRYCE CRAWFORD, JR,,* Department of Chemistry, University of Minnesota, 

Minneapoh's, Minnesota 
WILLIAM A. FOWLER, W. KeUogg Radiation Laboratory, California Institute 

of Technology, Pasadena, California 
DAVID R, cODDARD,^ National Academy of Sciences, Washington, D.C 
t, c. r.uNSALus, Biochemistiy Departnient, University of Illinois, Urbana, Illinois 
GEOHCE s. HAMMOND, Merrill College, University of California, Santa Cruz, 

California 

PHILIP HANDLER,* National Academy of Sciences, Washington, D,C. 
SAUNDERS MAC LANE,** Department of Mathematics, University of Chicago, 
Chicago, Hhlnois 

MACLYN MCCARTY,* The Rockefeller University, New York, New York 

E. R. PIORE,* 115 Central Park West, New York, New York 

KENNETH s. piTZER, Department of Chemistry, University of California, 

Berkeley, California 
FRANK PRESS, Department of Earth and Planetary Sciences, Massachusetts 

Institute of Technology, Cambridge, Massachusetts 
ROGER REVELLE,* La JoUa, California 

ELIZABETH s. RUSSELL, The Jacksoo Laboratory, Bar Harbor, Maine 

CAHROLL M. wu^LiAMs, Biological Laboratories, Harvard University, Cambridge, 



218 



Massachusetts 



^ Nfeniber of the E.xmitive Conunlttet- of the CouritiL 



224 



APPENDIX C 



NATIONAL ACADEMY OF ENGINEERING 



OFFICEHS 



President 
Vice Preddent 



WILLIAM SHOUFP 



Treasuwr 



EDWARD COLE 




1 



JAMES Ih MULLlGANj JR. 



N. BRU« HANNAY 



COUNCIL 

ARTHUR BRYSONj JR*,* Department of Aeronautics and Astronautici, Stanford 

University, Stanford, California 
ROBEHT II, cANNQNs jH,j Division of Engineering and Applied Sciences California 

Institute of Technology, Pasadena^ California 
EDWARD N. COLE,* International Husky Inc, Bloomfleld Hllb, Michigan 
w, KENNETH DAVIS,* Bechtel Powef Corporation, San Francisco, California 
JOHN H. DESSAUER, P,0, Box 373, 57 Monroe Avenuej Pittsford, New York 
RICHARD c» FOLSPM,* 583 OakviUo Crossroad, Napa, California 
EDWARD L* ciNCTON, Varian Associates, Palo Alto, California 
ROBERT c* GUNNESS, Standard Oil Company (Indiana), Chicago, Illinois 
PHILIP HANDLER,* National Academy of Sciences, Washington, D*C, 
FREDEiuG A, L. HOLLO WAY, Exxon Corporation, New York, New York 
RALPH LANDAUj Halcon Intematlonals Inc, New York* New York 
w. DEMiNG LEWIS, Lehigh University^ flethlehem, Pennsylvania 
COURTLANDD. PERKINS,* National Academy of Engineerings Washington, D.C. 
JOSEPH M. PETTiTj Georgia Institute of Technology, Atianta, Georgia 
vra^LiAM E* SHOUPPj® 343 Maple Avenue, Pittsburgh, Pennsylvania 
MORRIS TANENBAUM,* American Telephone and Telegraph Company, Basking 

Ridge, New Jersey 



219 



• Member of the Executive Committee of the CounciL 



225 



APPENDIX C 



INSTITUTE OF MEDICINE 



Prcmimt iikvm a, hambotg 

COUNCIL 

mmm m. hall. Institute of Mcdirine, Washington, D,C. 
V... L. nuinvRLL, Falmouth Medical As.snciates, Falmouth? Mas.^achusetts 
GuiDO GALABREsij Yale University Law School, New Havenj Connecticut 
ROBERT A, CHASE, ^ University of Pennsylvania and National Board of Medical 

Examiners, Philadelphiaj Pennsylvania; Stanford Universityj Stanford, 

California 

LEON EisENBERG, Department of Psychiatiyj Harvard Medieal School and 

Children's Hospital Medical Centerj Boston^ Massachusetts 
ALAIN c. KNTiioVENi* Graduate School of BusinesSi Stanford University, 

Stanford, California 
MELViN A, GLAssER, Social Security Department, United Auto Workers, 

International Unionj Detroit, Michigan 
BERNARD GREE^BERG, School of PubUc Health j Universiy of North Carolina at 

Chapel Hill, Chapel Hill, North Carolina 
HOBEnT J. HAGOERTY, Department of Health Policy and Management^ Harvard 

School of Public Health and Department of Pediatrics, Harvard Medical 

School, Boston, Massachusetts 
BAViD A. HAMBUBG,® Institute of Medicine^ Washington, D.C, 
iiQWAHD H. HiATT, Harvard School of Public Health and Harvard Medical 

School, Boston, Massachusetts 



220 



* Member of the Executive Committee* 

226 



APPENDIX C 



pETEu BARTON HUTT, Covington and Burling, Washington, D.C. 

ALBERT L. LEmNiNGEB, Departrnent of Physiological Chemistry, The Johns 

Hopkins University School of Medicine, Baltimore, Maryland 
DOROiiiv i\ mcE, National Center for Health Statistics, Health Resources 

Administration, Public Health Service, Department of Health, Education, 

and Welfare, Roclcville, Maryland 
JULIUS RICHMOND,** Harvard Medical School and Children's Hospital Medical 

Center and Judge Baker Guidance Center, Boston, Massachusetts 
WALTER A, RosENBLiTH,* Massachusctts Institute of Technology, Cambridge, 

Massachusetts 

LiSBETH BAMBERGER SCHORR,** Children's Defense Fund, Washington, D,C, 
NATHAN J, STARK, University of Pittsburgh and University Health Center of 

Pittsburgh^ Pittsburgh, Pennsylvania 
DANIEL c. TOSTESON, Biological Sciences Division and Pritzker School of 

Medicine, University of Chicago, Chicago, Illinois 
JOSEPH F. vOLKEn, University of Alabama in Birmingham, Birmingham, 

Alabama 

KERR L. vi^iiTEj The Johns Hopkins University School of Hygiene and Public 

Health, Baltimore, Maryland 
PAUL A. MARKS, Columbia University, College of Physicians and Surgeons, New 

York, New York ( ex officio ) 
ADAM YARMOLiNSKY, University of Massachusetts, Boston, Massachusetts (ex 

officio ) 



221 



' Member of the Executive Committee. 



227 



APPENDIX C 



NATIONAL RESEARCH COUNCIL 



CDVEimiNG HOARD 

Chairnmn viimw handlo^ 

Vice Chiirman coumxAND d. perkins 

HuYr E CRAWFORD, JR., Department of Chemistry, University of Minnesota, 

Minneapolis^ Minnesota 
DAVID GODDARDj National Academy of Sciences 
DAVID A, HamburGj Institute of Medicine 

FREDERIC A. u HOLL0%vAV, Exxon Corporation, New York, New York 
SAUNDERS MAC hANE, Department of Mathematics, University of Chicago, 
Chicago, Illinois 

MACLYN MCCARTY, The Rockefeller University, New York, New York 
E. n. piORE, lis Central Park West, New York, New York 
ROGER REVELLE, La Jolla, California 

WALTER A. rosenblith, Massachusetts Institute of Technology, Cambridge, 
Massachusetts 

WILLIAM E, SHOUFP, 343 Maple Avenue, Pittsburgh, Pennsylvania 
morris tanenbaum, American Telephone and Telegraph Company, 
Basking Ridge, New Jersey 

ASSEMBLY OF BEHAVIORAL AND SOCIAL SCIENCES EXECUTIVE COMMllTEE 

ROBERT Mca ADAMS ^ {Chairman), The Oriental Institute, University of 

ChicagOj Chicago, Illinois 
miAN J. L. BERRY, ■ Departnient of Geography, University of Chicago, Chicago, 

Illinois 

jAi^iES A. DAVIS, Department of Sociology, Dartniouth College, Hanover, 
New Hampshire 

ALAN DERSHOwiTz, Harvard Law School, Harvard University, Cambridge, 
Massachusetts 

RENEE c. Fox,f Departmeht of Sociology, University of Pennsylvania, 

Philadelphia, Pennsylvania 
222 ANN F. FRiEDLAENDER, Department of Economics, Massachusetts Institute of 

Technology, Cambridge, Massachusetts 
HENDRiK s. HOUTHAKKER,^ Department of Economics, Harvard University, 

Cambridge, Massachusetts 

® Member nas, 
t Member iom, 

2 2B 



APPENDIX C 



jLESTEB B. LAVE, Departrnent of Economics, Carnegie-Mellon University^ 

Pittsburgh, Pennsylvania 
GARDNER LiND:^EY|t Center for Advanced Study in the Behavioral Sciences^ 

Stanford J CaJifoniia 

DUNCAN LucE^* Department of Psychology, Harvard University, Cambridge, 
Massachusetts 

JAMES G. MARCii/ Department of Sociology^ Stanford University, Palo Alto, 
California 

ROBERT K. MEHTON,* f Department of Sociology, Columbia University, 

New York, New York 
LAuiiA NADEHj Departrtient of Anthropology, Universit)' of California, Berkeley , 

California 

v^ALTER L. WALLACE, Department of Sociology, Princeton Uiiiversity, Princeton, 
New Jersey 

HANEs WALTON, JH.^ Department of Political Science, Savannah Stat© College, 
Savannah, Georgia 

AARON wiLDAVSKV, Graduate School of Public Policy, University of California, 
Berkeleyj California 

ASSEMBLY OF ENGINEERING EXBCUTIVE COMMirTEE 

couRTLAND D. PERKINS,! (Chairman), National Academy of Engineering, 
Washington, D.C. 

JORDAN J. BARUCH,! Amos Tuek School of Business Administration, Dartmouth 

College, HanDVer, New Hampshire 
BAYMOND A. BAUER, Harvard Graduate School of Business Administration, 

Boston, Massachusetts 
nAYMOND L. bisplinghoff^ ^ I OflRce of the Chancellor, University of Mi.ssouri~ 

Rolla, Rolla, Missouri 
SOLOMON J* BUCHSBATOt,*! Communications Sciences Division, Bell 

Laboratories, Holmdelj New Jersey 
ROBERT H. CANNON, jR.4 Division of Engineering and Applied Sciences, 

California Institute of Technology, Pasadena, California 
GEORGE F. CARRIER,* | Division of Engineering and Applied Physics, Harvard 

University, Cambridge^ Massachusetts 
JOSEPH V. CHARYic,! Comrnunications Satellite Corporation, Washington, D.C. 
GERALD p, DINNEE^^,| Lincoln Laboratory^ Massachusetts Institute of 223 

Technology, Lexington, Massachusetts 
PETER coLDMARK, " i Goldmark Communications Coloration, Stamford, 

Connecticut 

^ Member nas, 
f Member iqm. 
I Member nae. 



229 



APPENDIX C 



wiLLLAM E. couLDjj Southem Calif omia Edison Conipany, Rosemead, 
California 

jEniuEii A. haddaDjI IBM Corporation^ Arnionk, New York 

vLADiMm HAENSEL,®! Universal Oil Products Company^ Des PlaineSj lUinois 

OHAHL^ J. HiTCHj Resoiirces for the Future^ InCj Washington, D.C. 

J. BOSS MacDONAi,Dj®| Departnient of Physics and Astronomy ^ University of 

North Carolina^ Chapel Hill^ North Carolina 
ALLEN pucKEtT,^ | Hughes Aircraft Company^ Culver Cily, California 
noNALD SMELTji Lockheed Aircraft Corporation, Burbank, California 
IVAN E. SUTHERLAND^ The RAND CoipOration, Santa Monica^ California 
EDWARD wENK, jH.4 University of Washington^ Seattle, Washington 

ASSEMBLY OF LIFE SCIENCES EXECUTIVE COMMltTEfi 

JAMES D. EBERT,*t {Chairman), Department of Embryology, Carnegie 

Institution of Washington, Baltimore^ Maryland 
LLOYD M. BEiDLER,^ Department of Biological Science, Florida State University, 

Tallahassee^ Florida 
ROBERT w, BERLINER,^ f Yale University School of Medicine, New Haven, 

Connecticut 

FREDERICK H. BORMANN,^ School of Forestry and Environmental Studies, Yale 

University, New Haven, Connecticut 
MYRON K, iiRAKKE,* U.S. Department of Agriculture, College of Agriculturaj 

University of Nebraska, Lincoln, Nebraska 
THEonoRE H. BULLOCK,^ School of Medicine, University of California, San 

DiegOi La Jolla, California 
ROBERT H. BuRRis,^ Department of Biochemistry, University of Wisconsin, 

Madison, Wisconsin 
DA\TD A. HAMBURG,! Institute of Medicine, Washington, D.C. (ex officio) 
D. MARK HEGSTED,^ School of PubUc Health, Harvard University, Boston, 

Massachusetts 

HOWARD H. HiATT,t SchooI of Public Health, Harvard University, Boston, 
Massachusetts 

EL WOOD v. JENSEN,* Beu May Laboratory for Cancer Research, University of 

Chicago, Chicago, Illinois 
DONALD KENNEDY, *t Department of Biological Sciences* Stanford University, 
224 Stanford, California 

ALFRED G. KNUDSON, JR., Graduate School of Biomedical Sciences, University 
of Texas Health Science Center, Houston, Texas 

® Member has. 
f Member lOM. 
t Member nae. 



230 



APPENDIX C 



ESTELLA B. LEOPOLD^^ U.S. Geological Surveyj Denver, Colorado 

PAUL A. MARKS,^ f College of Physicians and Surgeons, Columbia University, 

New York, New York 
MACLYN MCCARTY,^ The Rockefeller University, New York, New York 
ALTON MFjSTBRj^f Departinent of Biochemistry, Cornell University Medical 

College^ New York, New York 
NORTON NBLSOi^^ Institute of Environmental Medicine, New York University 

Medical Center, New York, New York 
ELizADEra i, russell/ The Jackson Laboratoiy, Bar Harbor, Maine 
HOWARD A. scHNEiDERMAN, ■ Center f Or Pathoblology, University of California, 

Irvine, California 

KENNETH V. THtMANN,^ Division of Natural Sciences, University of California, 

Santa Cruz, California 
H. GARRISON W1IJCE8, Department of BiolDgy----College II, University of 

Massachusetts, Boston, Massachusetts 
JAMES B. WYNGAAnDENs^t Department of Medicine, Duke University Medical 

Center, Durham, North Carolina 
NORTON D. ziNDEEj^ Rockefeller University, New York, New York 

ASSEMBLY OF MATHEMATICAL AND FHYSlCAt SClEf^CES EXECUTIVE COMMITTEE 

JACOB BiGELEiSEN,^ (Chairman), Departinent of Chemistry, University of 

Rochester, Rochester, New York 
RICHARD B, BERNrsTEiP^,** Departoients of Chemistry and Physics, University of 

Texas at Austin, Austin, Texas 
D. ALLAN BROMLEY, Departinent of Physics, Yale University, New Haven, 

Connecticut 

GEORGE F. CARRIER,*^! Division of Engineering and Applied Physics, Harvard 

University, Cambridge, Massachusetts 
JOSEPH w. cMAMBERLAiNi** Department of Space Physics and Astronomy, Rice 

University, Houston, Texas 
HERMAN CHERNOFF, Department of Mathematics, Massachusetts Institute of 

Technology, Cambridge, Massachusetts 
CHARLES DRAKE, Department of Earth Sciences, Dartmouth College, Hanover, 

New Hanipshire 

FRANK DRAKE,* National Astronomy and Ionosphere Center, Cornell 
University, Ithaca, New York 225 

MILDRED 3. DRESSiLHAus,t Department of Electrical Engineering and Computer 
Science, Massachusetts Institute of Technology, Cambridge, Massachusetts 

® Member kas. 
f Member lOM. 
t Member nae. 



231 



WALTER ECKELMANN, Exploration Department, Exxon Compan>% UTA, 
Houston, TeKas 

mciiARD L. GAiwiN,'* f Thomas J, Watson Research Center^ Inteniational 
Businass Machines Co^oratlonj Yorktown Heights, New York 

ANDREW M, GtEAsoN," Departmont of Mathematics, Harvard Univeriityj 
Cambridgej Massachusetts 

CEonGE lip MoSTOWj* Departnient of Mathematics, Yale Universitys New Haven, 
Connecticut 

HEHNARD M. oLiVEB,^ | Hewlett-Packard Company^ Palo Alto, California 
ALLAN n. ROBINSON, Division of Engineering and Applied Physics, Harvard 

University, Cambridge, Massachusetts 
WALTER IL STOCKMAYER,^ Department of Chemistry, Dartmouth College, 

Hanover, New Hampshire 
BERNiiAnD wmcop,® Laboratoty of Chemistry, National Institute of Arthritis, 

Metabolism, and Digestive Diseases, National Institutes of Health, Bethesda, 

Maryland 

liA'rrEM s. TfoDEB, JR.,* Geophysical Laboratory, Carnegie Institution of 
Washington, Washington, D.C, 

COMMISSION OK HUMAN REgOUIlCES 

TOBERT A. ALBEBTYj^f {Chairman), Massachusetts Institute of Technology, 

Cambridge, Massachusetts 
ALEXANDER G. BiARN,^t Department of Medicine, Cornell University Medical 

College, New York, New York 
RAOUL BOTT,^ Department of Mathematics, Harvard University, Cambridge, 

Massachusetts 

WILLIAM K. ESTEs,** Rockefeller University, New York, New York 
LUCIUS r. GREGG, JR., First National Bank of Chicago, Chicago, Illinois 
LVLE V. TONES, The Graduate School, University of North Carolina, Chapel Hill, 
North Carolina 

CHARLES V. Kim, Council ou Federal Relations, Association of American 

Universities, Washington, D.C, 
ESTELLE R. RA^tEY, School of Medicine, Georgetown University, Washington, 

D.C. 

MARTIN A. TRO%v, Graduate School of Public PoHcyj University of California, 
226 Berkeley, California 

GUs TYLER, tnternational Ladies' Garment Workers' Union, New York, New 
York 

® Mernbt?r nas 
t Mt*mher nae 



232 



APPENDIX C 



P. HOY VAGELOs,^t Marck, Sharp, and Dohme Reseu^h LaboratorieSi RE^wayt 
New Jeriey 

M. E. VAN vALKEfBimG,! Departoient of Electrical Engineering, University of 

Illinois, Vfhm% Illinois 
rmm wmm^ Department of Economici, University of Calif omia, Loi Angelas, 

California 

DAEL L, woLFLEj Graduate S^ool of Public Affalra, University of Washington^ 

Seattie, Waihiiigton 
JAMES F. YOUNGjJ General Eleotrio Company, Faideldj Connectidit 
ALFRED o* c. NiERj® School of Physics and Astronomy, University of Minnesota, 

Minneapolis^ Minnesota (ex officio) 
MimAm, J, PEU^R, jR,, Univenity of Matyland, CoUege Park, Ma^land 

(ex officio). 

COMMISSION ON INTERNATIONAL RmLA*nONS 

GEORGE s. HAMMONDj* {Chairman), Merrill College, University of California^ 

Santa Cruz, California 
ivANL, BENNETT, jR*,t New Yofk University Medical Centeri New York, 

New York (ex officio) 
ABDEL-Azii FOUADj Program on Technology and Social Change in Foreign 

Cultures, Iowa State University^ Amei, Iowa 
rRANcmE FRANKEL, Department of Political Science, University of Pennsylvania, 

Philadelphia, Pennsylvwia 
miFFORD OEERTz,* Institute for Advanced Study, Princeton, New Jersey 

BRUCE HANNAYji Bell Laboratories, Muiray Hill, New Jersey 
TOOMAS F, M ALONE Holcomb Reiearch Institute, Butler University, 

Indianapolis, Indiana (ex officio) 
CAROL NEWTON, Health Sciences Computing Facility, University of Califomia 

School of Medicine, Los Angeles, California 
DAvm piMENTEL, Deparbnent of Entomology, Cornell University, Ithaca, New 

York (ex officio) 

DAvro PINES,** Department of Physics, University of Illinois, Urbana, Illinois 

(ax officio) 
ROOER REvm^E,* La Jolla, Califomia 

COMMISSION ON NATTOAL RESOURCES 

GORDON J, F. MacDONALD* (Chairman), Dartmouth College, Hanover, New 
Hampshire 

wiuLiAM c, ACKmMANN,t Illlnois state Water Survey, Urbana, Illinois 

■ Member nas. 
f Member lOMi 
I Member nae. 



233 



APPENDIX C 



THOMAS D, BARROW,! Exxon Corporation, New York, New York 
JOHN E, CANTXON, Michigan State University, East Lansing, Michigan 
H^RO^D L. JAMES, ^ U.S. GeoIoglcal Survey, Port Townsend, Washington 
JULIUS E. JOHNSON, Dow Chemical Company 

ALLEN V. KNEESE, University of New Mexico, Albuquerquej New Mexico 

CHESTER o, MCCORKLE, jR,, University of Califomia, Berkeley^ California 

JOHN J, MCKETTA,! University of Texas at Austin^ Austin, Texas 

H. wttUAM MENARD,* Scripps Institute of Oceanography, La Jolla, Califomia 

EMiL M. MRAK, University of Cdifornia, Davis, Califo 

WILLIAM K. REiLLYj The Conscrvation Foundation^ Washington^ D.C* 

ROBERT M, SOLOW,* Department of Economics, Massachusetts Institute of 

Tachnolo^, Cambridge, Massachusetts 
E, BRIGHT WILSON,* Harvard University, Cambridge, Massachusetts 
NORMAN HACKraMAN,® Rlce University, Houston, Texas ( m officio ) 
ELBURT OSBORN,! Camegle Institution of Washington, Washington, D.C. 

(ex officio) 

GILBERT F. \raiTE,^ Institute of Behavioral Science, University of Colorado, 

Boulder, Colorado ( ex officio ) # 
SYLVAN H, wiTTWER, Agricultural Experiment Station, Michigan State 

University, East Lansing, Michigan (ex officio) 

COMMISSION ON SOClOTEatNIGAL SYSTEMS 

HARVEY BROOKS, **ti (Chairman), Division of Engineering and Applied Physios 
and Kennedy School of Government, Harvard University, Cambridge, 
Massachusetts 

HENRI G. BusiGNiis,! International Telephone and Telegraph Coiporation, 

Nudey, New Jersey 
HAROLD CHESTNUT,! General Electric Company, Schenectady, New York 
w. GRAHAM cLAY*roR, JR., Southem Railway System, Washington, D,C. 
EDWARD E. DAVID, JR.,* J Gould, Inc, ChicBgo, Illinois 
JOHN E. FISHER, Electric Power Research Institute, Palo Alto, California 
WILLIAM L, GARRISON, Institute of Transportation and Traffic Engineering, 

University of Califoniia, Berkeley, California 
BERNARD R. GiFFORD, Board of Education, New York City, Brooklyn, New York 
EDWIN T. HAEFELE, Department of Political Science, University of Pennsylvania, 
228 Philadelphia, Pennsylvania 

WILLIAM K, LiNvaL, School of Engineering, Stanford University, Stanford, 

Califomia 



* Membef nas, 
t Member iom, 
t Member nae, 



APPENDIX C 



kinne™ g, mckay4 Bell Laboratories, Murray HUl, New Jersey 
RioiARD R. NELSON, Department of Economics, Yale University, New Haven, 
Connecticut 

JOSEPH H. NEWRiAN,! Tishman Research Coiporation, New York, New York 
DONALD A, SCHON, Department of Urban Sadies and Planning, Massachusetts 

Institute of Technology, Cambridge, Massachusetts 
mmr weber^^ i Tryon, North Carolina 

WILLIAM o. BAKER,^ti Bell LaboratorieSi Murray Hill, New Jersey {ex offimo) 
SEYMOUR L. BLUM, The MTrm Corporation, Bedford, Massachusetts (ex 
officio ) 

WALTER R, HiBBARD, jR.,| College of Engineering, Virginia Polytechnic 
Institute and State University^ Blacksburg, Virginia ( ex offi^o ) 

ROBERT J. PFEiFFER, Matson Navigation Company, San Francisco, California 
( ex officio ) 

MILTON PiJCARSKY,! Regional Transportation Authority, Cfticago, Illinois 
(ex officio) . 



229 



* Member NAs, 
f Member iom. 
X Membor nae. 



n Q 



35 



Appendix D 



Reports of 
the NRC 
Published in 
1975* 
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NiH [National Institutes of Health] Rodent Repository, (Committee on Maintenance 
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Nonhuman Primates: Usage and Availahility for Biomedical Programs, (Committee on 
Conservation of Nonhuman Primates, Institute of Lnboratory Animal Resources, 
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Prosthetics and Orthotics Research Reference Catalogue, Volume Two: Article Ntim- 
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$27.00.) 
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Research in Zoos and Aquariums. A symposium held at Houston, Texas, Octobar 
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The Solitary Pulmonary Nodule: Ten-Year Follow-up on Veterans Administration^ 
Armed Forces Cooperatiue Study, (Medical Follow-up Agency, Division of Medical 
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Standards for Cardiopulmonary Resitscitation and Emergency Cardiac Care. (Com- 
mittee on Emergency Medfcal Services^ Division of Medical Sciences, and American 
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Siimmdr^ Statement of the Asihrnar Conference on Racombinant dna Molecules* 
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Sufvey of Amlgesic Drug Pfescribing PattBrns, (Committee on Problems of Drug 
D^endence, Division of Medical Sciences; 274 pp,; available from the Drug Abuie 
Council, Ine,, 1828 L Street, NMh Washington, D.C. 20036.) 

Synthetic SubstitutBs for Opiate Alkaloids'. A FeasibilUy Study. (Committer on Prob^ 
lems of Dnig Dependence, Division of 'Medical Sciences; 77 pp.; available frofn the 
Drug Abuse Council, Inc„ 1828 L Street, N.W,, Waihington, D,C. 20036,) 

Three'Dimensioml Shape Sensing and RBproduction of Limbs and Limb Remmnis. 
A report of a conference held at the University of British Columbia, Vancouver, 
Canada, October 18, 1973. (Committee on Prosthetics Reiearch and Developfnent, 
Division of Medical Sciences; 56 pp,; limited number of copies available ftom the 
committee.) 
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Compaiabtliiy Guide for Adjacent Loading of Bulk Liquid Cargoes. (Goinmittae on 

Hazardous Materials; 21 pp.; limited number of copies available from the cotnniit. 
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Environmental Impact of Stratospheric Flight: Biological and Climatic Effects of Air- 
craft Emissions in the Stratosphefe. (Climatic Impact Committee, 348 pp.; avail- 
able from the nas Printing and Publishing Office; isbn ^09^02346-71 $8,OO0 

Establishment of a Solar Energy Research Institute. (Solar Energy Research Institute 
Committee; 50 pp.- available from • the Office of Public Affairs, Technical Infonria^ 
tion Center, U.S. Energy Research and Development Administration^ Oak Bidge, 
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Fire Hamrd Classification of Chemical Vapors Relative to Explosion^Proof EleCtriCQl 
Equipment; Report IV. (Committee on Hazardous Materials; 42 pp.; liniited nuni' 
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Interim Report of the Panel on Aimosplmic Chemistry. fPanel on Atmospherfc Chem- 
istry, Climatic Impact Committee; 8 pp.; limited number of copies available from 
the committee^) 

Long-Term Worldwide Effects of Multiple Nuclear-Weapons Detonations, (Comiriit- 
tee to Study the Long-Term Worldwide Effects of Multiple Nuclear Weapons 
Detonations; 213 pp.; available from the nas Printing and Publishing Office; isBn 
0^30M2418"8; $8.50,) 
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Matm of Electfical and Fire Hamrd Propertim and Clmsificmions of Chwrnicab. 
(Committee on Hazardous Materials; 36 pp.; limited number of copies availabla 
from the committee,) 

Nuclmr Science: A Surmy of Funding, Facilitimi and Manpomf. (Committee on 
Nuclear Sdence; 130 pp.| limited number of copies available from the conimittee.) 

Nuclear Techniques in Hydrohgyi Current Status and Prospeciive Urns. (U.S, Na- 
tional Committee for the International Hydrdlogieal Dacadei 43 pp,; Uniited num- 
ber of copies available from the committee.) 

Opportunities and Choices in Space SdencB, 1974, (Space Scienca Board- 187 pp.; 
limited number of copies available from the board.) 

Opportunities for Permafrost-Related Research Associated mith the Trans-Alaska 
Pipeline System. Report of a v^orkshop held at Scottidala, Arizona, March 19-22, 
1975. (Committee on Permafrost, Polar Research Board; 37 pp.; Umited number of 
copies available from the board.) , 

Products from Joioba: A Promising New Crop for Arid Lands, (Committae on Jojoba 
Utilization; 30 pp.; limited number of copies available from tha Office of Cheniijtry 
and Chemical Technology.) 

Proposed National Resource for Computation in Chemistry: A User-Oriented PaciUty. 
(Office of Chemistry and Chemical Technology; 51 pp,i limitad nurnbar of copies 
available from the office.) 

Report on United States Antarctic Research Aativities, and United States 

Antarctic Research Actimties Planned for 1975-76. (Polar Research Board; 90 pp.; 
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System for Classification of the Hamrds of Bulk Water Transportation of Indmtrial 
Chemicals, (Committee on Hazardous Materials; 42 pp.; limited numbar of copies 
available from the committee.) 

Understan£ling Climatic Change! A Program for Acfion.. (Panel on Climatic Variation, 
Committee for the Global Atmospheric Research Program; 239 pp.; available from 
the NAS Printing and Publishing Office; liBN 0-309-02323^^ $6 JOj 

United States Space Science Pro-am: Report to cospar [Conifnittee on Spaoe Re- 
search]. Eighteenth Meeting, Varna, Bulgaria, June 19T5. (Space Science Boards 
90 pp.; limited number of copies available from the board,) 

Views of the National Academy of Sciences Committee on Radio Fre^mncm Con- 
cerning Frequency Attocations for the Radio Astronomy Service in PreparaUon for 
the World Administrative Radio Conference^l979 [First Revision]. (Coniiriittea 
on Radio Frequencies; 24 pp,; limited number of copies available from the com- 
mittee.) 

236 CO.SrMISSlON on HU^tAN HESOLinCES 

Doctorate Recipients from United States Universities: Summary Report, 1974. (Com- 
mission on Human Resources; 27 pp.; limited number of copies available from the 
commission*) 

Graduate School Adfustments to the *'NetD Depression" in Higher Education. (Ma- 
tional Board on Graduate Education; 96 pp.; available from the was Printing and 
Publishing Office; isbn 0-^09«02328-9; $4.75.) 
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Mutual Educational Exchan^ Program Unckr fhG FxdhrigU-HaijH AcU 1976-1977: 
UnivGTsity Lacturing— Advanced Remarck (Council for Intamational Exchange of 
Scholars; 44 pp.; limited number of copies avaikble from the council.) 

Personnel Needs and Training for Biomedical and Behavioral Remarah. (Comniittee 

on a Study of National Needs for Biomedical and Behavioral Research Personnel; » 
84 pp.; limited number of copies available from the commiision.) 

RasGorch Trainm and Career Patterns of Bioscientwtst The Training Programs of the 
National Institutes of Health. (Committee on a Study of the Impact of the nih 
Research Training Programs; 160 pp.; limited number of copies available from the 
Committee on the Study of National Needs for Biomedical and Behavioral Research 
Personnel) 

Sciance Development: An Evalmtion Study, Technical Report Number 4. (National 
Board on Graduate Education; 182 pp.; available from the nas Printing and Pub- 
lishing OfTice; isbn 0-309^02329--7; $5.m 

Scidnce Development, University Davclopment, and the Federal Government. Report 
Number 4. (Board on Graduate Education; 48 pp.; limited number of copies avail- 
able from the hoard.) 

COMNflSSlON ON INTEUNATlONAL HELATIONS 

Arid Lands of Suh-Saharan Africa; Staff Prograss Report, September 1973-June 1974; 
Staff Final Report, July 1074-December 1974; Appendices to the Staff Final Re^ 
port. (Advisory Panel on Arid Lands of Sub-Saharan AWca, Board on Science and 
Technology for International Development; Staff Progress Report, 118 ppr. Staff 
Final Report, 36 pp.; Appendices, 211 pp.; limited number of copies available 
from the commission.) 

Childhood in China. Report of the American Delegation on Early Childhood Develops 
ment in the People's Republic of China. (Committee on Scholariy Communication 
with tlie Peoples Republic of China; 241 pp,; available from the Yale University 
Press, 92A Yale Station, New Haven, Connecticut 06520; isbn 0^300-01017-^3; 
$12.50 cloth; $3.95 paper.) 

"Earthquake Research in China.'* (Report of the American Seismology Delegation. 
Frank Press, et ai, Eos—Transactiom, American Geophysical Uniofi 56: 838-881, 
1975) (Cosponsored by the Committee on Scholarly Communication with the Peo= 
pies Republic of China of the National Academy of Sciences, the Social Science 
Research Council, and the American Council of Learned Societies.) 

Herbal Pharmacology in the Peoph's Repuhlic of China. (Committee on Scholarly 
Communication with the People's Republic of China; 269 pp.; available from the 
NAs Printing and Publib'hing Office; isun 0--309-0243&-2; $8.00.) 

An International Centre for Manatee Researclu Report of a workshop held in Ceorge-^ 237 
town, Guyana, February 7^13, 1974. (Cosponsored by the National Academy 
of Sciences of the United States of America, the National Research Council of 
Guyana, and the International Development Centre of Canada; 34 pp.; limited 
number of copies available from the Board on Science and Technology for 
International Development,) 

Language and Lin^istics in the Peoples Repuhlic of China. Based on Accounts of 
the Linguistic Delegation, October 16-November 13. 1975. (Committee on Schol- 
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arly Communication with the People s Republic of China; 168 pp,| available from 
the UniversUy of Texas Press, Austin, Texas 787 12| isbn 0-292^7415-6; $9.50 
cloth JaeS paper,) 

Natuml Products for Sri Lanka & Future. Report of a workshop held in Colombo, Sri 
Lanka, June 2-6, 1975, (Coiponsored by die National Academy of Sdencaf of 
the United States of Ainerica and the NatiDnal Science Council of Sri Lanka; 
53 pp.; limited number of copies available from the Board on Science and Tech- 
nology for International Development.) 

Plant Studies in the Peopys Repuhlw of Chinai A Trip Report of the American Plant 
Studies DelegatiQn. (Committee on Scholarly Communication with the People's Re- 
publig of China; 205 pp.| available from the nas Printing and Publishing Offlcei 
isijN 0-309-02348-^3; $7.25.) 

Semifmr on Industrial Energy Conmvation and Semimr on Solar Space Heating and 
Coolingi Staff Summary Report, Seminars held in Seoul, Korea, November 13-15, 
1974. (Cosponsored by the Board on Scienca and Taehnology for International 
Development of the U.S. National Research Council and the Ministries of Science 
and Technology and of Commerce and Industry, Republic of Korea; 24 pp,; 
limited number of copies available from the board.) 

The Winged Bean: A High-Protein Crop for the Tropias. (Advisory Committea on 
Technology and Innovation * Board on Science and Technology for International 
Development; 41 pp.; limited number of copies available from the commission.) 

World Food and Nutrition Study: Interim Report. (Steering Committee for the nrc 
Study on World Food and Nutrition; 82 pp.; available from the nas Printing and 
Publishing Office; isbn 0-309^0243M; $5.50.) (This report includes the Recom^ 
mended Actions on Nutrition Research and Demlopment, prepared by die Food 
and Nutrition Board of the Assembly of Life Sciences.) 

COMI^ISSION on natural niiOURCEi 

Agricultural Production Efficiency. (Committea on Agricultural Product ion. Board on 
Agriculture and Renewable Resources; 199 pp.; available from the nas Printing 
and Publishing Office; isbn 0^09^02310-6^ $6.50.) 

Air Quality and Stationanj Source Emisdon Control Report to the Committea on 
Public Works, U.S. Senate. (909 pp.; available from the U.S, Government Printing 
Office, Documents Department, WashingtoD, D.C. 20402; Y4.P9e/10f94=4; 
$8.60.) 

Assemng Potential Ocean Pollutants, (Study Panel on Assessing Potential Ocean Pol- 
lutants, Ocean Affairs Board; 438 pp.; available frorn the nas Printing and Publish* 
ing Office, isbn 0-^09-0232W; $6.75.) 

Biological Oceanography: Some Critical I&sues, Problems, and Recommendations, 
(Panel on Biological Oceanography, Ocean Affairs Board; 28 pp.; available from 
the National Technical Information Service; ada 016717; $3.75 paper, $2.25 
microflche.) 

Decision Making for Regulating Chemicals in the Emironment, (Committee on Prin- 
ciples of Decision Making for Regulating ChemiealSj Envirorunental Studies. Boards 
232 pp.; available from the nas Printing and Publishing Office; isbn CW09--02401- 

3; $la.7S.) 
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Dwposal in the Marine Environment: An Oceanographic Ammnmt- An Analytical 
Study for the US. Environmental Protection Agency. (Ocean Disposal Study Steer- 
ing Committee, Ocean Seiance Coniinittee, Ocean Affairs Board; 76 pp,; available 
from the nas Printing and Publishing Office; isbn 0-309-02446-3 i $5.00.) 

First Annual Report of the Steering Committee for Analytical Studies for the U.S. 
Environrnental Protection Agency, (Steenng Committee for Analytical Studies for 
the VS. Environmental Proteetion Agency; 30 pp.; limited number of copies avaiU 
able from the commission.) 

Interim Storage of Solidified HighLevel Badtaactitje Wastes^ (Panel on Engineered 
Storage, Committee on Radioactive Waste Management; 82 pp.; availabla from the 
HAS Printing and Publidiing Offlce, isbn 0-309--02400-B; $8.50.) 

Mineral Resourcea and the Environnwnt. (Committee on Mineral Resources and the 
Environment; 348 pp.; available from the nas Printing and Publishing Offlee; isbn 
0-309-02343-2; $6.00.) 

Mineral Rewurces and the Environmentt Appendices, (Committee on Mineral Re- 
sources and the Environment; Appendix to Section li Materiah Consermtion 
through Technology, 860 pp., fB 230580, $13.25 paper, UM microflche; Appen- 
dix to Section II: Estimation of Mineral Reserves and ResourCGs, 23 pp., pb 239581, 
$3.75 paper, $2J5 microflche; Appendk to Seation HI' lm0cations of Mineral 
Production for Health and the Encirnmnenf, 120 pp., pb 239582, $5.25 paper, 
$2.25 microfiche; Ar)pendix to Suction IV: Demand for Fuel and Mineral Resources, 
89 pp., PB 239583, $4.25 paper, $2.25 microfiche; appendices availabla from the 
National Technical Information Service.) 

Nutrient Requirements of Shaep, Fifth Revised Edition. (Subcommittee on Sheep 
Nutrition, Committee on Animal Nutrition; 72 pp,; available from the has Printing 
and Publishing Office; isbn 0-309-02212-6; $3.00.) 

Pest Contrah An Asscssmant of Present and Alternatim Technologies. (Environmental 
Studies dmr4) B volumes; isbn 0-309--02409-9; $26,00 per set, Valunw L Con^ 
temporary Pest Control Practices and Prospects, 506 pp., isbn 0--30M2410-5, 
$11.75; Volume Ih Corn/Soyhcans Past Control, 169 pp,, isbn 0-300-02411-^0, 
$5.50; Volume III: Cotton Pest Control 139 pp., isbn 0-^309-^02412-9, $5.00; 
Volume IV: Forest Pest Control, 170 pp., isbn 0--309^02413-^7, $5.75; Volume Vi 
Pest Control and Public HealtK 282 pp., isbn 0-309--02414-^5; $8,00; all volumes 
available from the nas Printing and Publishing Office.) 
Petroleum in the Marine Environment, Report of a Workshop on Inputs, Fates and 
the Effects of Petroleum in the Marine Environment, held in Airlie, Virginlai May 
21-^25, 1973. (Ocean Affairs Board; 107 pp.; available from the nas Printing a^d 
Publiihing Offlce; ISBN ^309^02311-4; $6.50.) 

Planning for Environmental Indices, (Planning Committee on Environmental Indices, 
Environmental Studies Board; 47 pp.; available from the National Technical Infor^ 
mation Service; pb 240-971; $4.25 paper, $2.25 microfiche.) 

Principles for Evaluating Chemicals in the Environment, (Committee for the Working 
Conference on Principles of Protocols for Evaluating Chemicals in the Environ- 
ment, Environmental Studies Board; 454 pp.; available from the nas Printing and 
Publishing Offlce; isbn 0-309-02248-7; $11.50.) 

Report of the Ad Hoc Panel on Forecasting Coal Technology. (Committee on Mineral 
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Resources and the Environrnent; 27 pp,; limitid number of copies availabia frorn 
the cominittee*) 

Report of the Conference ori Air Quality and Automobile Emismom, May 15, 1975, 
and Supplementary Statemerit, July 20, 1975. (Committee on Environmental Daci= 
si on Makings Report, 26 pp,| Supphmentary Statement, 12 pp.; limited numbar of 
copies available from the committee,) 

Underground Dkposal of Coal Mine Wames, (Study Committee to Assess die Feasi- 
bility of Returning Underground Coal Mine Wastes to the Mined-Out Areas, En- 
vironinental Studies Board; 172 pp.; available from the nas Printing and Publishing 
Office; ISBN 0-309-02324-6; $8 J5.) 

tJ.S. Directory of Marine Scientkts. (Ocean ScienQe Committee, Ocean Affairs Board; 
325 pp.; available from the nas Printing and Publishing Office; iibn O-309-0240S- 

0; $ejo.) 

World Food and Nutrition Study ^ Enhmcemef^t of Food Froduction for the United 
States, (Board on Agrieulture and Ranewable Rasources; 187 pp»; available from 
the MAS Printing and Publishing Office; iIBn 0^0&^02435-'8; $6,00.) 



CO^lAnsSlON ON SOCIOTECHNICAL SY^ r^Ms 

Aerosimca Cost Savinga-^hnplications for hasa [T^athnal Aeronautics- and Space Ad- 
viinuiration] and the Industry, (Natipnal Materials Advisory Board; 128 pp*; 
limited number of copies available froni the board.) 

Charaotcristias of iiy-ISO and ti-^IOO for Welded High-Strength Structures, (Ad Hoc 
Committee on Welding High-Strength Structures, National Material Advisory 
Board; 8£ pp.; limited nurnber of copies available from die board*) 

Criteria for Underground Heat Distribution Sysiems, Federal Construction Council 
Technical Report 66. (Standing Comniittee on Mechanical Engineering, Building 
Research Advisory Board; 79 pp.; available from the nai Printing and Publishing 
Offlce; ISBN 0^09^02320^; $3.50.) 

Digest of Literature on Dielectrics^ Volume 37^ 1973, (Committee on Digest of Literal 
tare, Conference on Electrieal Insulation and Dielectric Phenomena; 740 pp.; avail- 
able from the nas Printing and Publishing Offlce; isbn 0^09-02437-^4; |40,00.) 

Directory of Fire Research in tha U.S., iBf 1-1973. Seventh Edition. (Committee on 
Fire Research; 361 pp.^ available from tha nas Printing and Publishing Office; 
ISBN 0-309-02327-0; $9.25.) 

Earthquake Frediction and Public Policy, (Panel on Public Policy Implications of 
Earthquake Prediction, Advisory Committee on Emergency Planning; 142 pp.; 
available from the nas Printing and Publishing Offlce; isbn 0^309^2404-8; 
$8.50.) 

Effpctlmness of the Army Techniml Data Pachage in Technology Transfer for Fro- 
curoment, (Ad Hoc Committee on Technology Transfer via the Technical Data 
Package^ National Materials Advisory Board; 95 pp.; limited number of copies 
available from the board.) 

Engineering As^pects of the Tornadoes of April 3-4, J 974. (Committee on Natural 
Disasters; 110 pp.; limited number of copies available from the committeei) 

Engineering Report on the Managua Earthquake of Decemher 23^ 1972. (Committee 
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on Natural Disasters; 111 pp.; limited number of copies available from the com- 
mittee.) 

Fife Safety and Pi^e Hazards Behted to PolymBric MateHah in Cars of Washington 
M&ifOpoUtan Arm Tramit Authority. (Committee on Fira Safety Aspects of Poly- 
meric Materiak^ National Materials Ad^iory Boards 35 pp.| available from the 
Natiotial Technical Information Servicei pb 2 44971; $3,78 paper, $2.25 microfiche.) 

Incendiafismi Overview and An Appraisah A report of a Conference on Arson and 
Incendiarism hrid in Washington, D.C, July 29^0, 1975. (Committee on Fire 
Researchi 7 pp4 limited number of copies available from the committae.) 

LandMe of April 1974, on the Mmtaro Rimr, Feru, (Committee on Natural Dis- 
asters; 72 pp,5 limited number of copies available from the committee.) 

Mechamcal Tiop& md Cable. (Ad Hoc Committee on Mechanical Rope and Cable, 
National Materials Advisory Board; 90 pp.; available from the National Technical 
Information Service; apa 013345/4gl; $SJ0 paper, $2 J5 microBcha.) 

Methodology f^t Estimating the Charactefistics of CoastQl Surges from Hurricanes, 
(Science and Engineering Committee on the Prevention and Mitigation of Flood 
LosseSj Building Research Advisory Board; 34 pp,; limited nuitiber of copies avaiU 
able from th^ board.) 

Frohlems and U^p^lslatim Opportunitim in the Basic Materiai& IndustriGS. (Ad Hoc 
Committee on Opportunities in the Basic Materials InduitriaSj National MaterialH 
Advisory Board; 119 pp,; limited number of copies available from the board.) 

Sealift Readin0.9s Frogram: The Commercial Implicaiiom of a Military Contingency 
Call-up of UA Flag Merchant Ships, (Panel on Sealift Readiness, Maritime Trans- 
portation Research Board; 102 pp.; limited number of copies available from the 
board.) 

Structural Ceramios. (Committee on Structural Ceramics, National Materials Advisory 
Board; 86 pp,; available from the National Technical Information Service* ada 
015879; $4.75 paper, $2,25 microflehe.) 

Toward an Imprav&d U£. Merchant Marine: A Recomrnended Program of Studies. 
(Panel on th^ Growth of the U.S. Merchant Marine, Maritime Transportation He- 
search Board; 105 pp.; limited number of copies available from the board.) 



COMMISSION ON SOCIOTECHNICAL SYSTEMS, TRANSPOnTATlON flESEAnGn BQAHD 

Air Trauel ami Aviation Facilities Planning. Record 529. (Transportation Research 
Board, 38 pp.; uvailable from the board; isbn 0-309-0237M; $2.00.) 

ApplicaHon of Emncmic Analym to Transportatiun Problems. Record 850. (Transpor- 
tation Beseafch Board; 67 pp.; available from the board; isbn 0-^09-^02456-0; 
$3.20.) 

Application of JnWactive Graphics in Citizen Participation^ Record S53, (Transpor- 
tation Research Board; 49 pp,; available from the board; isbn 0--30M2457'-9; 
$2.40.) 

Asphalt Propertm and Performance. Record 544. (Transportation Research Board; 

65 pp.; avaitohla from the board; isbn 0^09-02399-S; $3.20.) 
Better Use of E^Wng Transporiation Facilities, Special Report 153. (Transportation 

Research Board; 260 pp.; available from the board; isbn 0-309^02381; $9.80.) 



246 



BUuminou& EmuUiom jor Highwmj Pmevtenh, National Cocpcfative Highway Re- 
search Prograni Synthesis of llighmy Prftctico 30, (Transpoitatlan Besearch Board' 
76 pp. I available from the board; iso:n 0-^09-02337-8; $4.80.) 

Bu8 Um of Highwiim Planning and Design GuidBlinm. National Cooperative High- 
way Research Prograni Report 135. (Transportation Research Boards 101 pp.^ 
available from the boord; 0^30^02308-4* $7,60,) 

Cmcreio and Steel Bridges. Record 547. (TranspDrtation Research Board; 72 pp.; 
available from the boarcl; isbn 0-^309^02452-81 $3.40,) 

Concrete Pmetnerit Comimctim and Joints and LoadeT'Truck Ftdduciion Studies. 
Reccjfd 535, (Transportation Re.^eardi Board; 06 pp.; available from the board; 
ISBN 0^309^02388^0; $4,20.) 

Ciirnmon, Cotwrete, QmUij Coniml aixd Paint Beads. Becord 539, (Transportation 
Research Board; 112 pg,; available frorn the board; ISB^^ a-309-'02390-4; $4.80.) 

Crash Cushiom of Waste MaUriQU, National Cooperativa Highway Research Program 
Report 1S7. (Transpoitalicin Researeh Board; 73 pp.; available from the board; i^bn 
0^309-02332-7; N.SO.) 

Omgn Concepts for a 'National Network of Trmspoftation Eesmrch Information Ser^ 
vices (TRISNET), (Transportation Raiearch Board; 78 pp,| available from the Na- 
tlorial Technical Infomation Service; pb 24S311; $4,75 paper, |2JS inicroflche.) 

Drioer Perfcrnmnce Studtm. Record 530. (Transportation Resaafch Board; 46 pp.; 
available from the baard; isbn 0-309--0237T'-T; 12.40,) 

Efact of Roadway Geometries on Tfa$a OperaiionB. Record 541. (TranspDrtatlDii Ee- 
search Board; 54 pp.; available frorn thebcardi ibbn 0--1309-O2394-7; $2,60.) 

Efects of T^atural Elements and CJwmimls on BHumen'--Aggregate Combinations^ 
1966^1974. Bibliography 06, (Transportation Research Board; 35 pp.; available 
from the board; isbn O-309-O2371'-8; $2,00,) 

Frmwatj Eniry, Flow^ awxd CantroL EecardSOS, (Transportation Eesearch Board; 138 
pp,; available from the board; mm 0^30M2384«^X; $BM.) 

Hczardom Materiah Tfansportation and Highway Maintenance. Record SS4, (Traiis» 
portatlon Research Board; 74 pp,; available from the boaid; isb>^ ft-309«024eO-9; 
$3,40.) 

Highway Tunnel Opmations. Mationa! Cooperative Highway Research PrGgram Re= 

port 31. (Transportation Research Board; 29 pp.; availaWe from the board; isbm 

0-309-02338^0; $3,20.) 
Inland Waterway TranspoHation, Record 548. (Transportatjon Research Boafd; 36 

pp,; available froni the board; mm 0-309-02450^1; 12,00,) 
Mitigating Adverse Envirmnwntal Effects of Highway Ccnsiwction Record 55L 

(Transportation Researcli Board; 42 pp.; available from the board; isbn 0—309- 

02455-2; $2J0.) 

Motor Vehicle Noise Control, Special Report 162. (Traniportatioa Reiearch Board; 

104 pp.; available from theboardi iibn 0-3O9-02379; $4,60.) 
Mctorisi and Transit^Vser Eenices, Record 53S, (Traniportation Research Board; 48 

pp.- available from the board; isbi^ 0-309^2387-4; $2.40,) 
Operation and MaintemficeojTranBporCaticn Fmilitiesi Statemenis of Rmearch Frob- 

lema. Special Report 158, (Transpoitatloii Besearch Board; 129 pp.; available froni 

the board; isbn 0-309^02368^X1 $5.80.) 
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PartiaULam Fmement Widening. National Cooperative Highway Research Prograin 

Synthesis of Highway Practice Report 28, (Transportation Besearch Board; 30 pp.; 

available froin the board; isbn M09'-02333^6; |3.20.) 
Pamment and Soil Charactmistias, Becord S37* (Transportation Research Board; 81 

pp.; available from the board; $3.S0.) 
pcc [Partlmd Cement Conctote] Fawmentsfor Loto-Volunw Roads md City Strmts. 

National Cocparative Highway Research Prograin Syntiesis of Highway Practice 

Report 27, (Transportation Research Board; 31 pp.; available froin the board; 

ISBN (M09-O2309^2; $3,600 
Polymef Comrcte, Record S42* (Transportation Research Board; 67 pp.; available 

from the board; mm MO9-0239S-S; $3 JO.) 
Regional Bm Tfansportation, Record 546, (Transportation Research Board; 58 pp,; 

available from the boardi isbn 0-3O W245 l-^X; $2,60.) 
Research Needs for Evaluating Urban Fuhlic Trmsportation, Special Report 155. 

(Transportation Research Board; 123 pp,; available frorii the board? isbn 0^309^ 

02383^155; ?5.2S.) 

Roaddde Hmatds and Safety Itnprmements. Record 543. (Transportation Research 
Board; 51 pp.; available from tie board; iSBN 0-309-02396-3] S2.40.) 

Selection of Saje Roaddde Cross Sectiom. National Cocperativ^e Highway Research 
Program Synthesis of Highway Practice Report 27, (Transportation Research 
Board; 67 pp.; available from the board; liBj^ O-309-O2333-1; $440.) 

Skid Resistance, Record 523. (TranspDrtatiQH Research Board; 152 pp.; available firom 
the board; iSBK 0^OM236a-S; 46.80.) 

Soil and Eock Mechanics, Ctdmtts, and Compaction, Record 548, (Transportation 
Research Board; IDS pp.; available from the board; isbw 0-309-02453-6; $4.60.) 

Traffic Control md Motorist IniornMion, Record 531. (Traniportation Reioaroh 
Board; 82 pp.; available from the board; isbn M09-02378-S; 53-60.) 

Tran^ortation Decision-Making; A Guide to Social and Environmental Considera- 
tions, National Coopefative Highway Research Irogrann Repcrt 1S8, (Transporta- 
tion Research Roard; 135 pp.; available from the boardi mbn O-309-O2331-9; 
$TJO.) 

Transportation Frogrcmming Proems. Special Repcrt 1S7. (Transportation Research 
Board; 75 pp.; available from tJie board; isbn 0--30Q-O2391; $3.40.) 

Travel BehaviOf and Values, Record 534, (Transportation Research Board; 89 pp.; 
available from the board; isbn 0^09-»02388-S; |3 JO.) 

Treatment of Soft Foundatiom for Highway Brnbafiknwnts. Natioiial Cooperative 
Highway Research Program Synthesis of Highway Practice Report 29. (Transpor- 
tation Research Board; 2S pp.; available from the boardi iibn 0-309-02334^; 243 
$3J0.) 

Urban Accident Patterru, Record 540. (Transportation Research Board; 56 pp.; avail" 
able from the board; isBfi 0-009-02393-9; 92,60.) 

Weaving Areasi Design and Analysis, National Cocperative Highway Kesearch Pro- 
gram Report 159* (Transportatioii Eesearcli Board; IIS pp.| available fcoin the 
board; issbj (W09-02338^X; $6.40.) 
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imTlTVTE €F KiEDlClNE 

LegalizGd Abcrtion and the Fublic Health. (Institute of Medicine; 168 pp.; limited 
number of copies available from tie institiite.) 

Legalized Ahottion and the Puhlic Health Summary and Conclusiotm (Institute of 
Medicine; 10 pp.; limited numter of copies available from the institute.) 

Mediccfa-'Me€licai€lEQifnbur$afn0nt PoUciesi EffecUon Teaching Ho^iiak, FhysicMn 
Distribution^ and Foreign Medical Oraduatm — Mmim E&port (Institute of Medi- 
cine; 57 pp.; limited nuniber of copies available froni the institute.) 

COMMITTEE OK SCllNCE AKD PUBLIC POLICY (NATIONAL ACADEMY OP iClENCls) 

EmplQtjmmt Froblems in Astronomy, (Astronomy Manpower Comniittee, Committee 
on Science and Public Policy-i 44 pp.; liniited number of copies availabla from the 
Committee on Soience mi Public PoLay.) 

Materials and Mm*$ Need^t Materiah Bcimce and EngineGfing, (Gommittee on the 
Surveys of Materials Science and Engineeriiig, Cornmittee on Soieiice and Public 
Policy^ Voltime h The Histortj, Scope, and Naime of Materials SciBnce and Engi^ 
nmring, 289 pp., fb 245979/Ai, |8 JS paper, $£ J5 mieroflehe; VolumB Ih The 
Needs, PrioritieB^ and Oppartmitim for Materials Rmmrah, 379 pp., pb 24S981/Aij 
$10.25 paper, $225 niicroflohei Volume Illi The Institutional Frammoork for Ma- 
teriah Saience^ and Engimering^ 2S4 pp,, pb 2459§0/as, $8.75 paper, $2.25 micro- 
flehei Voltme IVi Aspeats of MaMah Technology Abtoad, 326 pp., pb 245982/as, 
$9,50 paper, $£,S5 inierofieha; available from the Kational Technical Infomiation 
Service.) 
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